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Since  1931 ,  when Anderson e t  a l .  p u b l i sh e d  t h e i r  account  
o f  the th r e e  d i f f e r e n t  t y p e s  o f  c .  d i p h t h e r i a s ,  much work has been 
done on t h i s  s u b j e c t  In B r i t a i n  and a l s o  in  o th e r  c o u n t r i e s  i n  the  
w o r ld .  I t  was soon r e a l i z e d  th a t  the  percentage  in c id e n c e  o f  the  
v a r io u s  ty p e s  v a r ie d  in  d i f f e r e n t  p a r t s  o f  B r i t a i n  in the same y e a r ,  
and t h a t  they  a l s o  v a r ie d  from year  to  y e a r .  Comparative f i g u r e s  
f o r  the same a r e a s  in  d i f f e r e n t  p a r t s  o f  the world were d i f f i c u l t  to  
o b t a i n .
Table showing D i f f e r e n t  P ercentage  In c id en ce  in  the Same y ear  in  
, D i f f e r e n t  Areas throughout the World.
Area Year P ercen tag e P ercentage  Percentage  Percentage
frravis Intermedlus M itls  Aberrant
Glasgow (Carter  1935 5 . 8 6 5 .1 2 4 .1 4 .9 6
1936)
Dundee (Murray) 1935 6 . 0 5 4 .2 3 9 .8
L iv er p o o l
( P r iv a t e
Communication) 1935 5 0 .0 2 6 .0 2 4 .0
Manchester  
(Robinson and
Marhhall) . . . 1 9 3 5 5 0 .9 1 9 .9 2 7 .8 1 .4
Romford 
(T a n n ah i l l  1936) 1935 6 3 .2 2 1 .7 1 0 .5 to.
Cork (Cooper
e t  8 1 .1936)1935 9 1 .3 3 . 7 3 .7 1 . 2
B e r l in  ( do .  ) 1935 7 8 .2 8 . 8 9 . 2 3 . 8
Maryland, U .S .
( W h i t l e y ) ............ 1935 6 .3 1 .8 9 1 .9
Iowa, U .S .
(Wright and 
C h r i s t i s o n ) • • . . 1 9 3 5 9 . 1 8 1 .8 9 . 1
A u s t r a l ia
(Andersop e t
a l .1936) . .  .1935 5 2 .2 4 7 .8
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Table showing D i f f e r e n t  Percentage  In c id en ce  in  the Same Area in  
d i f f e r e n t  years*
Area Year Percentage  Percentage  P ercen ta g e  P ercen tag e
Gravis Inkermedius I r i t is  T Aberrant;
Glasgow (Carter
1933) 1933 3 . 1  5 9 .2  3 6 .5  1 .1 7
Glasgow (Gartei?! 1935 5 . 8  6 5 .1  2 4 .1  4 .9 6
Manchester (1^36)
(Robinson and
M a r s h a l l )   1934 2 3 .8  5 4 .6  1 9 .2  2 . 4
Manchester  
(Robinson and
M a r s h a l l )   1935 5 0 .9  1 9 .9  2 7 . 8  1 .4
L iv e r p o o l
( P r iv a t e
Communication) 1935 5 0 .0  2 6 .0  2 4 .0
L iv e r p o o l  (Do.) 1937 3 4 .2  2 4 . 7  4 1 .1
H ull  (Leete  e t  a1)1933 5 9 .4  2 9 .0  8 . 7  2 . 3
H u l l  (M.O.H.
R e p o r t ) .................  1938 2 1 .4  6 8 .4  1 0 .2
I t  was a l s o  r e c o g n ise d  th a t  the  s e v e r i t y  o f  the c l i n i c a l  
oase did not a lways o o in c id e  w ith  the  i s o l a t i o n  o f  the  g r a v i s  s t r a i n ,  
as  had been su gg es ted  by Anderson e t  a l .  ( 1 9 3 1 ) ,  though in  some areas  
t h i s  was the c a s e ,  w h i le  In o th e r s  the in te rm e d ia te  type was 
a s s o c i a t e d  w i t h  the  more se v er e  c l i n i c a l  type o f  d i p h t h e r i a .
S e v e r i t y  o f  C l i n i c a l  Type o f  D iphther ia  a s s e s s e d  on Percentage  
Death R a te .
Percentage  Death Rate 
G ravis  Interm edlus M l f l s .
filasgow ( C a r t e r ,1933) ........................................
Dundee (Murray, 1 9 3 5 ) ........................ ...............
Manchester (Robinson and Marshall  1934)
Hull  (Leete  e t  a l . ,  1 9 3 3 ) • • • • • * • • • • • •
Leeds (Cooper e t  a l .  1 9 3 6 ) ........................
B e r l in  )( do .  ) . . . , . ..............
A u s t r a l ia  (Anderson e t  a l . ,  1935) . . . .
P or t  E l i z a b e t h ,  S.A. (Emmerson, 1937)
In Glasgow, from the r e p o r t s  by Carter  (1933 8nd 1936) and 
the Medical O f f i c e r  o f  H ealth*s  Report ,  1935 (Knightswood H o s p i t a l ) ,
- 7 .8 7 . 5
- 1 1 .1 3 .4
1 3 .8 1 5 .7 2 . 6
19 .4 5 .7 3 . 8
6 .3 4 .9 1 .4
1 3 .2 9 . 4 -
2 6 .0 7 . 9
1 1 .1 100 .0 2 . 3
• 3 •
i t  was observed t h a t  the  percen ta g e  in c id e n c e  o f  the  g r a v i s  s t r a i n  
was i n c r e a s i n g  in the Glasgow a r e a .
As the  l i t e r a t u r e  on the  s e v e r i t y  o f  the c l i n i o a l  c a se  
c o r r e l a t e d  w i th  the s t r a i n  o f  o .  d ip h th er ia s  r eco vered  from the  ca se  
was not e x t e n s i v e ,  an i n v e s t i g a t i o n  was commenced in  B e lv i d e r e  Fever  
H o s p i t a l ,  Glasgow, in  1937 ,  to  c o r r e l a t e  the  s t r a i n  o f  o .  d ip h th e r ia s  
recovered  from each c l i n i c a l  ca se  o f  d ip h th e r ia  w ith  the c l i n i c a l  
s e v e r i t y  o f  the c a s e .  At the same time as the i n v e s t i g a t i o n  
commenced, M essrs .  Burroughs Wellcome p la c ed  a t  my d i s p o s a l  a h i g h ly  
c o n c en tr a ted  d ip h th er ia  a n t i t o x i n ,  which,  they  c la im ed ,  g r e a t l y  
reduced the  in c id en ce  o f  serum r e a c t i o n s  when i t  was a d m in is t e r e d .
This  serum i s  c a l l e d  "Refined Diphther ia  A n t i t o x i n " .
As t h i s  a n t i t o x i c  serum was c la im ed t o  cause  no r e a c t i o n  
a f t e r  i t s  a d m i n i s t r a t i o n ,  each case  was kept under o b s e r v a t io n  to  
determine whether or not t h i s  was the c a s e ,  and to  observe th e  time  
and type o f  serum r e a c t i o n  ( i f  any) • For comparison, a s e r i e s  o f  
o a s e s  o f  d ip h th er ia  t r e a t e d  w i th  Burroughs Wellcome "concentrated"  
(Banzhaf and Gibson,  1907,  and Banzhaf,  1912-13) d ip h th er ia  a n t i t o x i n  wa 
a l s o  i n v e s t i g a t e d .  This  in v o lv ed  an examination o f  the  oase  
reoords  o f  a l l  c a s e s  o f  d ip h th er ia  which had r e c e iv e d  Burroughs 
Wellcome c o n cen tra ted  d ip h th er ia  a n t i d i p h t h e r l t i c  serum between  
the  y e a rs  1930-1936 i n c l u s i v e .  From the case  record  th ere  was 
noted the a g e ,  s e x ,  day o f  d i s e a s e ,  the amount and r o u te  o f  
a d m in is t r a t io n  o f  the serum, the time taken f o r  the serum r e a c t i o n ,  
i f  any, to  be m a n i f e s t ,  and the c l i n i o a l  type o f  serum r e a c t i o n .
1 ,0 0 0  o a ses  o f  d ip h th er ia  were t r e a t e d  to  a c o n c l u s i o n .
150 r e c e i v e d  the a n t i t o x i n  by in travenous  i n j e c t i o n ,  250 by combined
. 4 .
Intram uscular  and in tra v en o u s  th e ra p y ,  and 600 by in tram uscu lar  
i n j e c t i o n  a lone*  P our-hour ly  o b s e r v a t io n s  were made upon the  
tem perature ,  p u l se  and r e s p i r a t i o n s ,  the r a t e  o f  d isapp earance  o f  
toxaem ia ,  membrane and/or  d i s c h a r g e s ,  and c o m p l ic a t io n s*
The 1 ,0 0 0  c a s e s  were swabbed by m y se l f  and then  i n o c u l a t e d  
on L o e f f l e r ’ s medium, and on t o  Kerrin and Gaze (1936) media 
p l a t e s ,  where the  d i f f e r e n t  c o l o n i e s  were I d e n t i f i e d *  Prom t h e s e  
c o l o n i e s  the b ioohem ioa l  and haem oly t io  p r o p e r t i e s  o f  th e  d i f f e r e n t  
ty p e s  o f  o* d ip hth er ias  were i n v e s t i g a t e d .
A l l  the la b o r a to r y  work, i n c lu d in g  the p r e p a r a t io n  o f  the  
media, was done by me.
This  t h e s i s  i s  p r e sen ted  in  th ree  s e c t i o n s : -
(1) A survey o f  the methods used t o  c o n c en tr a te
d ip h th er ia  a n t i t o x i n .
(2) Serum r e a c t i o n s :  Their  in c id en ce  and m a n i f e s t a t i o n s ,
t o g e t h e r  w i th  a comparison o f  t h e i r  occurrence  and
c l i n i o a l  f i n d i n g s  f o l l o w i n g  the i n j e c t i o n  o f  
c o n c en tra ted  and r e f i n e d  d ip h th er ia  a n t i t o x i n *
(3) An a n a l y s i s  o f  the r e s u l t s  o f  trea tm en t  o f  1 ,0 00
o a se s  o f  c l i n i c a l  d ip h th er ia  t r e a t e d  w ith  r e f i n e d  
d ip h th er ia  a n t i t o x i n .
~ • - r
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SECTION I*
A Survey o f  th e  methods used  
t o  o o noentra te  d ip h th e r ia  a n t i t o x i n *
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S ince  the  i n t r o d u c t io n  o f  a n t i - D i p h t h e r i t i c  serum by Behring  
and K i t a s a t o  (1890) rep eated  e f f o r t s  have been made t o  reduoe t o  a 
minimum the  c o n ten t  o f  n o n - s p e c i f i c  substance*  The e a r l y  workers  
in  in  t h i s  f i e l d  o f  medicine  hoped t o  produce a pure ant ibody* In 
view  o f  the c l e a r e r  understanding reached on the  nature o f  a n t i b o d i e s  
the work done has been to  reduce the  r a t i o  o f  the a n t ib o d y  t i t r e  to  
the p r o t e i n  c o n c e n tr a t io n  o f  the r e s u l t a n t  produot*
The methods employed have been:-
(1) N o n -S p e c i f i c  -  f r a c t i o n a l  p r e o i p i t a t i o n  o f  the  serum and
adsorpt ion*
(2) S p e c i f i c  methods depending upon the p r e o i p i t a t i o n  o f  the
a nt ib ody  by the s p e c i f i c  a n t ig e n  and e x t r a c t i n g  the  
compound*
(1) N on -Sp eo i f io  methods are d iv id e d  in t o  the  f o l l o w i n g  g ro u p s : -
(^) V a r ia t io n  o f  the  s a l t  c o n c en tra t io n *
(b) P r e c i p i t a t i o n  w i th  a l c o h o l*
(c)  A d sorp t io n .
(d) C a t a p h o r e s i s .
(e) Enzymes*
(a) B r ie g er  and E h r l ic h  (1893)•  They used a 27-30  per  c e n t ,  
s o l u t i o n  o f  Ammonium Sulphate and t h e i r  experim ents  were done upon 
milk from cows which had been immunized* Prom t h e i r  r e s u l t s  th e y  
oonoluded t h a t  Ammonium Sulphate in c o n c e n tr a t io n s  between 27-30  per  
oent* p r e c i p i t a t e d  most of  the a n t i t o x i n  from the m i lk ,  and o f  the  
oth er  s a l t s  they t r i a d ,  Magnesium Sulphate came next in  e f f i o a c y  to  
Ammonium Sulphate  in  p r e c i p i t a t i n g  the a n t i t o x i n .  The p r e c i p i t a t e
o b ta in ed  was d i s s o l v e d  in  w a te r ,  d i a l y s e d  a g a i n s t  f l o w in g  w a te r ,  
f i l t e r e d  and f i n a l l y  dr ied*  The powder th e y  o b ta in ed  by t h i s  method 
had, w e ig h t  f o r  w e i g h t ,  400 -  600 t im es  th e  a n t i t o x i c  s t r e n g th  o f  the  
o r i g i n a l  milk*
B r o d l e . 1897*
He was the  f i r s t  t o  prove t h a t  D iphther ia  a n t i t o x i n  was 
p r e c i p i t a t e d  from an a n t i - D i p h t h e r i t i c  serum by any means th a t  
c o m p le te ly  p r e c i p i t a t e d  the  G lo b u l in s  in  the  serum. He made 
f r a c t i o n a l  p r e c i p i t a t i o n s  o f  the  serum, us ing  as h i s  p r e c i p i t a n t  
Ammonium Sulphate* He found fou r  d i f f e r e n t  p o r t i o n s  in the serum,  
a l l  o f  which conta ined  a n t i t o x i n  in equal  q u a n t i t i e s *
Freund and S tern b erg ,  1899.
They found t h a t  by adding o n e - t h i r d  In volume o f  a 5 per  
oent  P otash  alum s o l u t i o n  t o  one volume o f  serum t h s t  a l l  the  
a n t i t o x i n  remained in the f i l t r a t e  -  the albumin was p r e c i p i t a t e d  and 
the f i l t r a t e  c o n t a in in g  on ly  the g l o b u l i n s  c o n ta in ed  a l l  the  
a n t i t o x i n *  The g l o b u l i n  was then p r e c i p i t a t e d  by Ammonium Sulphate  
and so a co n cen tr a ted  a n t i t o x i n  was produced*
Fuld and S p ir o ,  1900.
From experim ents  they  determined t h a t  there  were two 
g l o b u l i n  f r a c t i o n s  -  (1) one which was p r e o i p i t a t e d  by a 28 -33  per  
c e n t ,  s o l u t i o n  o f  Ammonium S u lp h a te ,  and t h i s  th ey  c a l l e d  
"Euglobulin" ,  and (2) one which was p r e c i p i t a t e d  by a 34-46 per  c e n t ,  
s o l u t i o n  o f  Ammonium Sulphate* They c a l l e d  t h i s  f r a c t i o n  
"P seud og lob u l in” •
H is s  and A tk in son .  1901*
They e s t im a te d  the g l o b u l i n  c o n ten t  o f  the seruiji
o f  h o r se s  a t  v a r io u s  s t a g e s  during t h e i r  immunization a g a i n s t  
D iph ther ia*  The p r e c i p i t a n t  used was Ammonium Sulphate* They 
o b ta in ed  th e  t o t a l  p r o t e i n  c o n te n t  o f  the  serum by b o a t in g  and the  
albumin c o n te n t  was e s t im a te d  by the  d i f f e r e n c e *  They found t h a t  
the  g l o b u l i n  c o n te n t  o f  the serum in c r e a se d  during immunization  
a g a i n s t  d i p h t h e r i a ,  and th a t  the  albumin f r a c t i o n  dim inished* In 
10 c . c ’ s o f  a normal h o r se * s  serum they  found the  g l o b u l i n  oo n te n t  
to  be .3235 gramme* When t h i s  same horse had been Immunized 
a g a i n s t  d ip h th e r ia  so th a t  10 c . c ! s o f  serum co n ta in ed  120 a n t l -  
d i p h t h e r i t i o  u n i t s ,  the  g l o b u l i n  conten t  had r i s e n  to  *8987 gramme* 
P i c k ,  1902:
From numerous experim ents  he concluded th a t  the  a n t i t o x i n  
was a s s o c i a t e d  w ith  the p s u e d o g lo b u l ln s ,  but not w i th  th e  e u g l o b u l i n s  
T h is  was the  case  when h o rses  were immunized, but no t  f o r  g o a t s ,  
where the c o n d i t i o n s  were the rev e rse *
G ibson ,  1905-6>
He p u b l i sh ed  a method whereby the  p r o t e i n  o o n te n t  o f  a
serum cou ld  be g r e a t l y  reduced ,  and he c laimed t h a t  he cou ld
c o n c e n tr a te  a serum t o  a t  l e a s t  double i t s  o r i g i n a l  a n t i t o x i c
s tr en g th *  His method w as:-
(1) P r e o i p i t a t i o n  o f  the g l o b u l i n s  w ith  an equal  volume o f
sa tu ra ted  ammonium su lphate  s o l u t i o n .
(2) F i l t r a t i o n .
(3) E x t r a c t io n  o f  the r e s id u e  w ith  sa tu ra ted  sodium c h lo r id e
s o l u t i o n ,  so r e - d i s s o l v i n g  the pseu dog lo b u l in  w i t h  the  
a n t i t o x i n .
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(4) F i l t r a t i o n #
(5) P r e o i p i t a t i o n  w i th  h a l f  s a t u r a t i o n  o f  ammonium su lph ate*
(6) Drying o f  the  p r e c i p i t a t e  and d i a l y s i n g  in  parchment*
(7) S t e r i l i z a t i o n  o f  the r e s u l t a n t  s o l u t i o n  by double f i l t r a t i o n
through B e rk efe ld  f i l t e r s .
(8) A d dit ion  o f  *25 to  .5  per cent*  so l ium c h l o r i d e  and a
p r e s e r v a t i v e •
LedIngham* 1907t
He found t h a t  in  a horse  where the serum was low in  a n t i -  
t o x i o  va lue  the  t o t a l  p r o t e i n  co n ten t  showed no tendency t o  in o r ea se  
during immunization* The s l i g h t  in o r ea se  found was due t o  a r i s e  in
the albumin conten t*  During the immunization o f  a horse  whioh
produced a h igh  grade a n t i t o x i o  serum, the p ercentage  g l o b u l i n  o o n ten t  
o f  the t o t a l  p r o t e i n  in c re a se d  p r o g r e s s i v e l y *  F inding th a t  the  
e u g lo b u l in  was more a f f e c t e d  than the p s e u d o g lo b u l in ,  he concluded  
th a t  the p seu d o g lob u l in  c o n t a in s  most ,  i f  not  a l l ,  the a n t i t o x i n ,  
but t h a t  i t  seemed probable  th a t  t h i s  r e l a t i o n s h i p  o n ly  h e ld  good 
when the a n t i t o x i c  oontent  o f  the serum was s t e a d i l y  r i s i n g *
Ledlngham a l s o  found th a t  in  g o a t s  the a n t i t o x i o  o o n ten t  o f  the  
e u g lo b u l in  and p seu d og lo b u l in  f r a c t i o n s  may vary a t  d i f f e r e n t  p e r io d s  
in the  course  o f  immunization*
Gibson and C o l l i n s ,  1907>
Experimenting w ith  r a b b i t s ,  g o a t s  and h o r s e s ,  and us ing  
v a r io u s  organisms such as  B* d i p h t h e r ia ,  F le x n e r  manila d y s e n te r y ,
Shigas  d y s e n te r y ,  e t c . ,  as  a n t ig e n s  they  found t h a t  th ere  was g r e a t  
d i s t r i b u t i o n  o f  the a n t i b o d i e s  in  th e  d i f f e r e n t  f r a c t i o n s  o f  a serum
and t h a t  the  d i s t r i b u t i o n  o f  a n t i b o d i e s  v a r ie d  from time to  time in
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the  same animal# They used ammonium su lph ate  t o  p r e c i p i t a t e  
the  v a r io u s  f r a c t i o n s  and o f  ammonium su lp h a te  they  s a i d  th a t  i t  
was not a r e l i a b l e  means o f  d i f f e r e n t l y  c l a s s i f y i n g  p r o t e l d s ,  the  
p r e c i p i t a t i o n  c h a r a c te r s  o f  which are  not w i d e l y  separated*
Banzhaf and Gibson# 1907:
They produced a serum which was c o n c en tr a ted  about 4-5  
t im es  i t s  o r i g i n a l  a n t i t o x i o  s t r e n g t h .  The f o l l o w i n g  method was 
used t o  separate  the p s e u d o g l o b u l in - a n t i t o x in  combination from the  
o th e r  serum p r o t e i n s .
(1) The serum was d i l u t e d  w i th  o n e - t h ir d  i t s  volume by w a te r ,  
and then heated  t o  a temperature o f  57° C. f o r  15 hours  
or to  a temperature o f  58° C. f o r  7 hours .  Ammonium 
su lph ate  was then added u n t i l  i t s  c o n c e n tr a t io n  was 30$  
o f  the  whole volume o f  l i q u i d .  The p r e c i p i t a t e  formed 
(F r a c t io n  1) was obta ined  by f i l t r a t i o n .
(2) F r a c t io n  1 was suspended in a sa tu ra te d  s o l u t i o n  o f  b r i n e .  
The s o l u t i o n  was f i l t e r e d  and the  f i l t r a t e  c o n t a in in g  
the s o lu b le  p seu d og lo b u l in  p lu s  a n t i t o x i n ,  which had 
been p resen t  in  f r a c t i o n  1 ,  was made .25$  a c id  w ith  
G l a c i a l  a c e t i c  a c i d .  The ensuing  p r e c i p i t a t e  was 
f i l t e r e d ,  p ressed  and d i a l y s e d .
(3) To the f i l t r a t e  from f r a c t i o n  1 was added ammonium
su lphate  u n t i l  i t  was in  a c o n c e n tr a t io n  o f  54$ and the  
p r e c i p i t a t e  thus formed was f i l t e r e d ,  p r e sse d  and 
d i a l y s e d .
The r e s id u e  from the d i a l y s i s  o f  the second f r a c t i o n
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p r e c i p i t a t e  was the  more p o t e n t ,  but the  r e s i d u e  from both  
d i a l y s e s  from f r a c t i o n s  1 and 2 was mixed and the  r e q u i s i t e  
amount o f  sodium c h lo r id e  and p r e s e r v a t i v e  added* The 
f i n i s h e d  f r o d u c t  had a p r o t e i n  c o n te n t  o f  about 1 8 -2 0 $ ,  
and was c o n c en tr a ted  t o  about 4 -5  t im es  th a t  o f  the  o r i g i n a l  
serum*
Banzhaf,  1912-15:
F o l lo w in g  the p r i n c i p l e  in  the l a s t  method, he produced a 
,fone f r a c t i o n  method” # The co n cen tr a ted  serum he produced had 
4 -5  t im es  the  a n t i t o x i c  s t r e n g t h ,  and a p r o t e i n  o ontent  about 20$  o f  
the  o r i g i n a l  serum. The method w as;-
(1) The serum was d i l u t e d  by o n e - h a l f  o f  i t s  volume by w a te r ,
and the whole made up t o  30$ o f  s a t u r a t i o n  w i th  
ammonium sulphate*
(2) The mixture was heated  to  60°C. and kept a t  t h a t
temperature f o r  a few m in u tes .
(3) The hot serum was f i l t e r e d .
(4) The p r e c i p i t a t e  o f  e u g lo b u l in  was washed w i t h  33$
ammonium s u lp h a te .  The washings were f i l t e r e d  and 
were added to  the  main bulk o f  the  f i l t r a t e ,  which 
was then made up to  50$ s a t u r a t io n  w i th  ammonium 
s u l p h a t e .
(5) The p r e c i p i t a t e  was f i l t e r e d ,  p ressed  and d ia ly se d *
The d i a l y s e d  r e s id u e s  were t r e a t e d  as in  the  Banzhaf-  
Gibson method*
This  method, Banzhaf c la im ed ,  was qu icker  t h a t  the
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p r e v io u s  method, as  the  time taken t o  e x t r a c t  the  f i r s t  f r a c t i o n  
w ith  b r in e  was n o t  required*  I t  was a cheaper method because  l e s s  
m a t e r i a l s  were u sed .
The drawback however was t h a t  the produ ct ion  o f  a r e a d i l y  
f i l t e r a b l e  end product depended a g r e a t  d ea l  upon the  c o n d i t i o n  of  
the  serum m ixtures  a f t e r  the  p r e l im in a r y  h eat ing*  I f  the l a t t e r  had
not f i l t e r e d  r e a d i l y  the end product was found to  be u n s a t i s f a c t o r y *  
Homer, 19161
The d isadvantage  of  the Banzhaf one f r a c t i o n  method was t h a t  
the  f i n a l  product might be o p a le sc e n t  due t o  a su sp en s io n  o f  e u g lo b u l in
and which was d i f f i c u l t  t o  g e t  r i d  of  by f i l t r a t i o n .  From her
experim ents  Homer found that  the s u c c e s s f u l  p re p a r a t io n  o f  an e a s i l y  
f i l t e r a b l e  end product depended upon the i n i t i a l  h e a t in g  o f  the  
m ixtures*  The advantages o f  us ing sodium o h lo r id e  in serum m ixtures  
w eres -
(a) During the h ea t in g  o f  the  m ix tu r es ,  i f  the  temperature was 
kept a t  6 3 -6 5 °C . ,  the  a d d i t io n  o f  1 .5 $  sodium o h lo r id e  
did not change the amount o f  p r o t e i n  remaining in  s o l u t i o n  
but i f  the  temperature were r a i s e d  t o  67 °C . ,  then a 
change took p l a c e .
(b) I f  a s o l u t i o n  o f  p seu dog lob u l in  and e u g lo b u l in  in  sa tu ra ted
br in e  was heated t o  61°C. and kept a t  t h a t  temperature
f o r  a few m inutes ,  60$ o f  the s o lu b le  g lo b u l in  was
converted in t o  In so lu b le  g l o b u l i n ,  and there  was a l o s s  
o f  a n t i t o x i n .
(c) The h e a t in g  o f  the serum w ith  sodium o h lo r id e  denaturated  
the p r o t e in  and made I t  more e a s i l y  p r e c i p i t a t e d  w i th
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sodium o h lo r id e  or 30# o f  s a t u r a t io n  o f  ammonium s u l p h a t e .
The sodium c h lo r id e  had a fa v o u rab le  i n f l u e n c e  on 
f i l t r a t i o n  by r e - a d j u s t i n g  the  pH value o f  the serum m ix t u r e s .
Homer (1916^) .
F o l low ing  the g e n e ra l  p r i n c i p l e s  o f  the  Banzhaf and Gibson  
and the Banzhaf methods, she produced a serum which she c la im ed  was 
8-9  t im es  the s tr e n g th  and which conta ined  17-19#  o f  the  t o t a l  
p r o t e i n  o f  the o r i g i n a l  a n t i t o x i c  serum. Her method w a s : -
(1) The serum was d i l u t e d  w ith  1 /5  to  1 /3  i t s  volume by w a t e r ,
and then made 1 . 5 - 2 . 0 #  with  sodium c h l o r i d e .
(2) The mixture was toeated to  56-57°C. f o r  15 hours or 57-58°C .
f o r  8 hours .
(3) The heated serum was then made 30# sa tu ra te d  w i th  ammonium
o
su lphate  and the mixture heated to  61 C. and kept a t  th a t  
temperature f o r  a few m inu tes .
(4) A f t e r  i t  had co o led  to  40-45°C. the  mixture was f i l t e r e d .
(5) The p r e c i p i t a t e  was then washed w ith  a 33# s o l u t i o n  o f
ammonium s u lp h a te ,  and the  washings were added t o  the main 
bulk o f  the f i l t r a t e  which was then made up t o  50# 
sa tu r a t io n  o f  ammonium s u lp h a te .
(6) The p r e c i p i t a t e  was f i l t e r e d ,  p ressed  and d i a l y s e d .
(7) This  was now t r e a t e d  with the n ec essa ry  amount o f  sodium
c h lo r id e  and p r e s e r v a t i v e .
This  method was an improvement on the Gibson-Banzhaf
method f o r  the f o l lo w in g  r e a s o n s : -
(1) There was only  one f r a c t i o n ,  and the e x t r a c t i o n  w ith  br ine
was unnecessary ,  so t im e ,  labour and expense were saved .
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(2) The h e a t in g  o f  the serum wade up t o  30# s a t u r a t i o n  w i th  
ammonium su lp h a te  serv ed  to  a g g l u t i n a t e  the  su sp en so id  
p a r t i c l e s  o f  p r o t e in  i n t o  conglom erates  l a r g e  enough to  
be r e t a i n e d  in  the f i l t e r  p a p er .  In the Gibson-Banzhsf  
p r o c e s s  i t  was o f t e n  n e c e s s a r y  to  in o r e a s e  the  p ercen ta g e  
o f  ammonium su lph ate  to  35 t o  ensure  the r e t e n t i o n  o f  the  
p a r t i c l e s .
(3) The potency  o f  the serum was much g r e a t e r  and the p r o t e i n
c o n te n t  much l e s s .
(4) The t o t a l  l o s s  o f  a n t i t o x i c  u n i t s  was n o t  g r e a t e r  than 1 0 # .
Over the Banzhaf p r o c e s s  i t s  advantages  w ere : -
(1) As more p r o t e i n  was removed as a r e s u l t  o f  heat  d en a tu ra t io n
o f  serum p r o t e i n s  and t h e i r  in c r e a s e d  p r e c i p i t a b i l i t y  by 
30# s a t u r a t io n  o f  ammonium su lp h a te  th ere  was l e s s  chance  
o f  f i l t r a t i o n  d i f f i c u l t i e s .
(2) By the a d d i t i o n  o f  1 . 5 - 2 . 0 #  sodium c h lo r id e  the r e a c t i o n
o f  the  medium tended to  be more s u i t a b l e  f o r  complete  
p r e c i p i t a t i o n  of  the p r o t e i n s  thrown out o f  the  emulsoid  
s o l u t i o n  by the  30# s a t u r a t i o n  o f  ammonium s u l p h a t e .
(3) The f i n i s h e d  product was n e a r ly  double the a n t i t o x i c
s tr e n g th  o f  the Banzhaf prod u ct .
Homer 1916^.
Experimenting w i th  e l e c t r o l y t e s  she found t h a t ,  i f  a 
serum i s  hea ted  with  an e l e c t r o l y t e ,  much s tr o n g e r  c o n c e n tr a t io n s  
per  gramme o f  p r o t e i n  can be o b ta in e d ,  but tha t  th e re  i s  a l s o  a 
l i m i t  t o  which a serum can be c o n c e n tr a t e d .  She used sodium o h lo r id e
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and ammonium su lp h a te  in  c o n c e n t r a t i o n s  o f  10 -20$  and 30$  
r e s p e c t i v e l y .  The s t r o n g e s t  serum she produced c o n ta in e d  2 2 ,5 0 0  
u n i t s  per  gramme o f  p r o t e i n .
Homer, 191V1 .
In a f u r t h e r  i n v e s t i g a t i o n  in t o  the f a c t o r s  i n f l u e n c i n g  
the  product ion  o f  co n cen tr a ted  s e r a ,  Homer found th a t  the  pH o f  
the  serum was o f  g r e a t  importance and that  the b e s t  r e s u l t s  were  
obta ined  when the pH o f  the serum -  ammonium su lp h ate  mixture -  was 
ad ju s te d  t o  between 5 .3  -  5 . 0 .  F u r th e r ,  the f i l t r a t i o n  o f  the  
m ixtures  could be improved by the a d d i t i o n  o f  2$ sodium o h lo r id e  
t o  the  m ix tu r e s ,  and the improvement was due to a s p e c i f i c  a c t i o n  
by the sodium c h l o r i d e  upon the g l o b u l i n s .  I f  the serum was 
heated f o r  some hours ,  up to  8 ,  at a temperature o f  5 7 - 5 8 ° C . ,  th ere  
was a g r e a t e r  p r e c i p i t a t i o n  o f  p r o t e i n s  by the  ammonium s u l p h a t e .  
She a l s o  found th a t  by the a d d i t io n  o f  phenol  .35  -  .5$  th e re  was 
an a l t e r a t i o n  in  the su rface  t e n s i o n  o f  the p r o t e l n s i n  c o l l o i d a l  
s o l u t i o n  and an i n c r e a s e  in  t h e i r  p r e c i p i t a t i o n .
Homer 19172 .
In a fu r th e r  i n v e s t i g a t i o n  she found th a t  i f  2$  sodium 
c h lo r id e  and .3  -  .3 5 $  c r e s y l i o  a c id  were added t o  the serum p r io r  
to  the h e a t in g  o f  the plasma -  ammonium su lph ate  mixture -  the  
tendency o f  the end products  t o  be c loudy  was d im in ish ed .  There 
was no d e s t r u c t io n  o f  a n t i t o x i n  provided t h s t  the 2$  sodium 
c h lo r id e  was added, and t h a t  the serum -  ammonium su lphate  mixture -  
was not heated  to  above 60°C. and was not  a l low ed to  remain a t  
th a t  temperature f o r  more than 2 h ou rs .
3 .It* •
Homer, 1917 *
She found th a t  f o r  a serum whose pH value  i s  above 
7 the  serum must be heated t o  a temperature o f  5 7 .5 ° C .  f o r  not  
l e s s  than 4 and not more than 5 hours f o r  the maximum p r e o i p i t a t i o n  
to  be ob ta in ed ,  i f  3Q$ sa tu ra te d  ammonium su lphate  were used .
Homer a l s o  found t h a t ,  i f  she in c lu d ed  in the second f r a c t i o n  the  
p r o t e in  p r e c i p i t a t e d  by varying  c o n c e n t r a t io n s  between 30 -  44$  
o f  s a t u r a t i o n  with  ammonium su lphate  i n s te a d  o f  30 -  50$,  the  
amount o f  albumin which appeared in the f i n a l  f r a c t i o n  was much 
reduced .  F i n a l l y ,  the serum produced was c l e a r e r  in  c o lo u r ,  
c onta ined  l e s s  p r o t e in  and was more c o n c en tr a ted  than that  produced  
when 30 -  50$ o f  s a t u r a t io n  o f  ammonium su lphate  was used .
Homer 1918.
In 1918 she su gges ted  a new m o d i f i c a t io n  o f  her p rev io u s  
method f o r  c o n c e n tr a t io n  o f  a n t i - d i p h t h e r i t i c  s e r a .  The technique  
wass-
(1) Pooled b atches  o f  un d i lu ted  o x a la te d  or c i t r a t e d  plasma 
were t r e a t e d  in  the f o l l o w in g  manner -
(a) The pH was adju sted  to  8 .
(b) I f  t h i s  could not be done, between .25 -  . 3 $
o r e s y l l c  a c id  or t r i k r e s o l  was added to  the plasma*
(c) 2$ sodium c h lo r id e  was added.
The plasma thus t r e a t e d  was heated in  two s ta g e s ;
(1) The plasma was heated in  j a r s  a t  a temperature  
o f  57*5°C. f o r  4 hours .
( i i ) T h e  plasma was then made 30$ o f  s a t u r a t io n  with  
ammonium su lphate  and the temperature r a i s e d  to
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58°C# and then c o o le d  to  45°C* The m ixtures  were
c o n s t a n t l y  s t i r r e d *
(2) The mixture was f i l t e r e d  and F r a c t io n  1 obtained* This  
f i r s t  f r a c t i o n  p r e c i p i t a t e ,  c o n s i s t i n g  o f  e u g l o b u l i n ,  
h eat  denaturated  p r o t e i n  and pseudo g l o b u l i n ,  was now 
washed w i t h  30$ s a t u r a t i o n  o f  ammonium su lph ate  -  about 
o n e - h a l f  volume o f  ammonium su lph ate  to  one volume o f  
plasma* The washings  were now added t o  the main bulk  
o f  the f i l t r a t e s ,  and then to  the  main bulk was added a 
sa tu ra te d  s o l u t i o n  o f  ammonium su lph ate  to  br in g  the  
ammonium su lphate  c o n ten t  up t o  46$ o f  s a t u r a t io n *  The 
p r e c i p i t a t e  produced was now f i l t e r e d ,  p r e s se d  and 
d i a l y s e d  u n t i l  i t  was f r e e  o f  su lphate*  To the  r e s id u e  
was added *85$ sodium c h l o r i d e  and .3 5 $  c r e s y l i c  ac id *  
About 18$ o f  a n t i t o x i n  was l o s t *  To avoid  t h i s  18$  
l o s s  o f  a n t i t o x i n  the f o l l o w in g  method was employed; 
a f t e r  th e  f i r s t  p r e c i p i t a t e s  had been washed w ith  30$  
o f  s a t u r a t io n  ammonium s u lp h a te ,  they were put i n t o  canvas  
bags and t h e s e  were p l s c e d  in  a s a tu r a te d  s o l u t i o n  o f  
br ine*  The f i r s t  p r e c i p i t a t e s  o f  many plasmas were added 
to  the  br ine  t u b .  This  was c l o s e d  a t  room temperature  
f o r  some time and then the br ined  e x t r a c t  o f  a l l  the  
p r e c i p i t a t e s  was f i l t e r e d *  To the  f i l t r a t e  was added 
.3 $  g l a c i a l  a c e t i c  a c id  and the  p r e c i p i t a t e  produced was 
f i l t e r e d ,  p r e s se d  and d i a l y s e d  a f t e r  3$ washing soda had 
been added to  the c o n te n ts  o f  each d i a l y s i n g  bag* The
d i a l y s i n g  was c o n t in u ed  u n t i l  the c o n t e n t s  o f  the bags
t  ! ? •
were f r e e  from s a l t *  To t h e s e  r e s i d u e s  were added *85$ 
s o l i d  sodium o h lo r id e  and * 3 5 $ o r e s y l i c  ac id*
T h is  method had the f o l l o w i n g  a d v a n ta g e s : -  
(!)• The adjustment o f  the  u n d i lu te d  plasma removed the
d i f f i c u l t i e s  ex p e r ien ce d  in  the  f i l t r a t i o n  o f  the  hot  
plasma-ammonium su lp h a te  mixture*
(2) The two s t a g e s  could be oompleted in  7 hours*
(3) By p r e c i p i t a t i o n  w ith  40$ and not 50$ s a t u r a t io n  ammonium
su lph ate  the heat  denaturated  albumin In the  f i n a l  
product was l e s s  and the serum was c l e a r e r *
(4) The l o s s  o f  a n t i t o x i n  was reduced t o  2*5$.
Homer 1919^ *
From f u r t h e r  i n v e s t i g a t i o n s  upon the c o n c e n tr a t io n  o f  
a n t i t o x i n s ,  she concluded th a t  where a serum showed a 35$ or  
l e s s ,  heat  d e n a tu r a t io n ,  the  second f r a c t i o n  must be p r e c i p i t a t e d  
by ammonium su lphate  between 30 -  45$ o f  sa t u r a t io n *  I f  ammonium 
su lphate  o f  l e s s  than 45$ o f  s a t u r a t io n  was not  used ,  then some 
o f  the  a n t i t o x i n  was d isca r d e d  w ith  the albumin f i l t r a t e s *
F urther ,  i f  the  lower f i g u r e  o f  30$ was r a i s e d ,  some o f  the  
a n t i t o x i n  was again l o s t  because i t  was p r e c i p i t a t e d  w ith  the  
f i r s t  f r a c t i o n  and in  such a form th a t  i t  was i n s o l u b l e  in  b r i n e .  
Homer a l s o  concluded th a t  where the heat d en a tu ra t ion  was 35$  
or l e s s  the a n t i t o x i n  was p r e c i p i t a t e d  w ith  s a t u r a t i o n s  of  
ammonium su lphate  varying  between 36 -  45$* From her o b s e r v a t io n s  
she thought tha t  to  i s o l a t e  a n t i t o x i n s  c o m p le te ly ,  o ther  means 
than f r a c t i o n a l  p r e c i p i t a t i o n  would have to  be used*
Homer 19192 *
I n v e s t i g a t i n g  f u r t h e r  in to  the c o n o e n tr a t io n  o f  
a n t i t o x i n ,  Homer showed th a t  the in o r e a s e d  p r e c i p i t a b l l i t y  o f  
p s e u d o g lo b u l in  by s a t u r a t i o n s  o f  ammonium su lph ate  vary in g  
between 20 -  47$ depended upon the h e a t in g  o f  the serum* She 
a l s o  demonstrated t h a t  there  was no need to  have a p r e l im in a r y  
h e a t in g  o f  the serum* When ammonium su lp h a te  was used In 
s a t u r a t i o n s  varying between 30 -  44$ w ith  heated  serum, the  same 
r e s u l t s  cou ld  be obta ined  us ing  ammonium su lph ate  in s a t u r a t i o n s  
o f  36 -  60$ ,  and unheated serum* The h e a t in g  o f  the serum,  
however, reduced the  t o x i c i t y  o f  the c r e s y l i c  a c id  -  p r o t e in  
complex.
Homer 1919^.
Comparing the u ses  o f  sodium su lphate  and ammonium 
su lph ate  as  p r e o i p i t a n t s  o f  a n t i t o x i n ,  Homer found th a t  th e re  were  
no o r i t i c a l  p o i n t s  which marked out the  p r e c i p i t a t i o n  l i m i t s  o f  
the i n d i v i d u a l  p r o t e i n s ,  and t h a t  the  c o n c e n tr a t io n s  o f  sodium 
su lphate  and ammonium su lphate  v a r ie d  w ith  the  pH va lue  o f  the sera*  
They a l s o  v a r ie d  depending upon whether or not the serum had been 
t r e a t e d  w ith  c r e s y l i c  ac id* She s t a t e d  t h a t  when sera are be ing  
heated  p r i o r  to  p r e c i p i t a t i o n ,  the use o f  c r e s y l i c  a c id  I s  
b e n e f i c i a l ,  but w ith  unheated serum i t  must not be used* When 
sodium su lphate  was used the  a g g l u t i n a t i o n  o f  the p a r t i c l e s  o f  
p r e c i p i t a t e d  p r o t e in  in  the  e u g lo b u l in  and p seu d o g lo b u l in  zone 
was b e t t e r  than I f  ammonium su lph ate  was used .  The reason f o r  
t h i s  i s  th a t  the sodium su lphate  does not hydrolyse in s o l u t i o n ,
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but ammonium su lph ate  d o e s ,  and so the sodium su lp h ate  f i r s t  
f r a c t i o n s  cou ld  be heated  f o r  4 - 5  hours a t  58°C• w ithou t  
l o s i n g  any o f  the a n t i t o x i n .  The end product was c l e a r e r  than  
t h a t  produced by the tw o -s ta ge  ammonium su lphate  method.
Barr,  Glenny and Pope,  1 9 51 .
For g r e a t e r  accu ra cy ,  they  concluded s o l i d  ammonium 
su lphate  should be used in  p r e c i p i t a t i o n ,  as the s o l u b i l i t y  o f  
s a l t s  v a r i e s  w ith  the tem perature .  When a s o l u t i o n - o f  
ammonium su lph ate  was added to  a serum, the p r o t e in  f i l t r a t e  
became d i l u t e d  with each a d d i t io n  o f  the ammonium su lph ate  
s o l u t i o n .  The q u a n t i t i e s  o f  ammonium su lp h ate  should be 
e x p r essed  in  grammes per  l i t r e  o f  the serum, and not as  a 
percentage  o f  s a t u r a t io n  as t h i s  v a r i e s  w ith  th e  tem perature .
They found th a t  i f  albumin were added to  a serum a 
g r e a t e r  q u a n t i ty  o f  ammonium su lphate  was req u ired  to  p r e c i p i t a t e  
the a n t i t o x i n ,  and that  the amount required  in c re a se d  as  they  
in c r e a se d  the  amount of  albumin.
F urther ,  they found that  i f  two a n t i s e r 8 ,  which  
showed d i f f e r e n c e s  in  a n t i t o x i n  d i s t r i b u t i o n  as determined by 
s a l t i n g - o u t  methods, were mixed, some r e d i s t r i b u t i o n  o f  
a n t ib o d ie s  took p l a c e .
(b) P r e o i p i t a t i o n  by A lc o h o l .
Mellanby,  1908.
He found t h a t ,  working a t  room tem p eratures ,  the  
g r e a t e r  proport ion  o f  the a n t i t o x i n  was p r e c i p i t a t e d  by a
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c o n c e n tr a t io n  o f  a l c o h o l  between 35 -  4b%» When working a t
a temperature o f  2°C. he found t h a t  most o f  the a n t i t o x i n  was
p r e c i p i t a t e d  by a c o n c e n tr a t io n  o f  a l c o h o l  between 16 -  28^.
The advantage of  the c o ld  method was th a t  the  t o t a l  p r o t e i n
p r e c i p i t a t e d  was so lu b le  and so the  whole o f  the a n t i t o x i n  could
be r e c o v e r e d .  At the h igh er  tem perature ,  some of  the  a n t i t o x i n
was l o s t  through c o a g u la t io n  o f  the p r o t e i n .
Mellanby a l s o  found th a t  i f  a l c o h o l  was added t o  an
a n t i t o x i c  serum, i t  d id not d e s tr o y  the a n t i t o x i n s  so long  as
none o f  the p r o t e i n s  were c o a g u la t e d .  When c o a g u l a t io n  o f  the
p r o t e i n s  took p l a c e ,  d e s t r u c t io n  o f  an t ib ody  a l s o  occurred* He
concluded t h a t ,  so f a r  as the c o a g u la t in g  a c t i o n  o f  a l c o h o l  was
concerned,  th ere  i s  no p h y s i c a l  d i f f e r e n c e  between d ip h th e r ia
a n t i t o x i n  and p r o t e i n s  from normal serum.
Hardy and Gardiner ,  1910 .
They p r e c i p i t a t e d  the p r o t e i n s  in  a n t i s e r a  by
a b s o lu te  a l c o h o l  or acetone  a t  0°C* The product  they  o b ta in ed
owas a white  powder. This  was washed w i th  e t h e r  a t  0 C* t o  
remove the a l c o h o l  or a c e t o n e .  The p r e c i p i t a t e  was then  e x t r a c t e d  
w ith  b o i l i n g  e t h e r ,  f i l t e r e d  and d r ied  in  vacuo w i th  su lph ur ic  
a c i d .  This  p r e c i p i t a t e  l a s t e d  i n d e f i n i t e l y ,  and when 
r e d i s s o l v e d  showed the a n t i t o x i n  to  be p r e s e n t  undamaged.
Moloney and T ay lo r ,  1928.
Using var iou s  c o n c e n tr a t io n s  o f  a l c o h o l  a t  v a r io u s  
pH v a l u e s ,  th e y  found the  optimum c o n c e n tr a t io n  f a c t o r  t o  be 
about 30$ .  They t r e a t e d  a c l t r a t e d  plasma whose pH value  was
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5*3 w ith  14$ a l c o h o l  a t  a temperature o f  40°C* They a l s o  found  
t h a t  the  same c o n c e n tr a t io n  f a c t o r  co u ld  be obta in ed  working  
a t  room temperature i f  they  used c i t r a t e d  plasma, pH 5*3 but  
27$ a lc o h o l*
Using the serum they  obta in ed  in intraderm al  t e s t s  upon 
known serum s e n s i t i v e  p a t i e n t s ,  th ey  found t h a t  t h e i r  a l c o h o l  
produced serum caused l e s s  r e a c t i o n  than th a t  produced by the  
use o f  ammonium su lphate*
M e r r i l l  and F l e i s h e r ,  1932.
They used a s  p r e c i p i t a n t s  f o r  the a n t i t o x i n  m ethyl ,  
e t h y l  and propyl  a l c o h o l  in vary ing  s t r e n g t h s ,  a t  v a r io u s  
temperatures and at  varying pH c o n c e n tr a t io n s*  They found  
t h a t  -
(1) Between 70 -  75$ c o n c e n tr a t io n  t h e r e  was complete
p r e c i p i t a t i o n  o f  p r o t e i n s ,  but th a t  the p r e c i p i t a t e  
was almost a l l  i n s o l u b l e  in w a te r .
(2) With h igh er  c o n c e n tr a t io n s  of  a l c o h o l ,  p r o t e i n
p r e c i p i t a t i o n  was a l s o  com plete ,  but th a t  the  
p r e c i p i t a t e  was r e a d i l y  so lu b le  in  water*
^ (3) The l o s s  o f  a g g l u t i n i n s  was a lm ost  p a r a l l e l  w i th  the  
l o s s  o f  s o l u b i l i t y *
(4) I f  the temperature o f  the serum was r a i s e d  the
s o l u b i l i t y  o f  the p r e c i p i t a t e  dim inished even when
a l c o h o l i c  c o n c e n tr a t io n s  o f  90$ were used*
/ \ 0(5) At low temperatures -  5 C* -  a l l  p r e c i p i t a t e s ,  no matter  
what c o n c e n tr a t io n  o f  a l c o h o l  had been u sed ,  were
s o l u b l e  in  w a t e r .
(6) The pH va lue  f o r  maximum p r e o i p i t a t i o n  i s  6 ,  and
p r e o l p i t a t i o n  i s  l e s s ,  above and below t h i s  v a l u e .
(7) The g r e a t e r  the  o o n o e n tr a t io n  o f  the  serum, the  g r e a t e r
the  amount o f  p r o t e i n  p r e c i p i t a t e d  by any g iv e n  
o o n o e n tr a t io n  o f  a l o o h o l .
T h eir  method f o r  producing an immune serum in  a dry s t a t e
was 2-
(1) They added one volume o f  serum to  10 o f  a o e t o n e .
(2) The p r e c i p i t a t e  was washed with  ace to n e  and then th r e e
t im es  w ith  anhydrous e ther*
(3) The w hite  powder was p laced  in  an in cub ator  f o r  one hour
a t  37°C.
(4) The powder was r e d i s s o l v e d  in  d i s t i l l e d  water  or
•85$ sodium c h lo r id e *
They found th a t  there  was no l o s s  o f  an t ib o d y  i f  t h i s  
method was c a r r ie d  out at a temperature o f  20 -  25°C• and i f  the  
in c u b a t ion  d id  not exceed one hour.
(c) A d so rp t ion .
Muoh o f  the  exp er im en ta l  work has been done on 
a n t i b o d i e s  o th e r  than d ip h th er ia  a n t i b o d i e s .
E l s l e r  and S p ie g e l  -  A d o l f ,  1 929 . have s tu d ie d  the adsorp t io n  
o f  typhoid a n t ib o d ie s  w ith  aluminium hydroxide and e l u t i o n  w i th  
N/10 sodium hydrox ide .  They succeeded in  c o n c e n tr a t in g  the 
serum to  a s l i g h t  e x t e n t .  When S p ie g e l  -  Adolf  (1932) attem pted
to  p u r i f y  o ther  a n t i s e r a  by the same method, he had no s u c c e s s .
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F ra n k e l ,  1952
Adopting the method d e s c r ib e d  by O l i t z k l  and 
FrSTnkel (1931) he prepared e l u t e s  from d ip h th e r ia  sera whioh
c o n ta in ed  12 -  24$ o f  the o r i g i n a l  a n t ib o d y ,  but t h i s  was l a t e r
d isproved  by Pope and Marrack.
(d) C ataphores is*
Mellanby,  1908.
He passed  a c o n s ta n t  current  o f  100 v o l t s  through
z in c  su lph ate  e l e c t r o d e s  in to  an a n t i t o x i c  serum f o r  3 hours* He
obta ined  a d e p o s i t  o f  i n s o lu b l e  p r o t e i n  on the anode* The
a n t i t o x i c  va lue  o f  the remaining serum was found to  have remained
constan t*  The a n t i t o x i n  had n e i t h e r  accumulated nor d im in ish ed  
in  the remaining serum. He concluded th a t  d ip h th e r ia  a n t i t o x i n  
p o s s e s s e d  the same p r o p e r t i e s  as  normal p r o t e i n s  when t e s t e d  by 
an e l e c t r i c  current  p a s s in g  through i t .
When the in s o lu b l e  mass o f  p r o t e i n  a t  the anode was 
r e d i s s o l v e d  in  sodium hydrox ide ,  i t  was found to  have an a n t i t o x i c
value  p r o p o r t io n a l  to  the amount o f  p r o t e i n  d i s s o l v e d  -  th a t  i s ,
the p r e c i p i t a t e  p o s s e s s e d  the  a n t i t o x i c  V8lue o f  the  o r i g i n a l  
p r o t e i n .
1 & 2
P a u l i ,  1924
He used a th r ee  chambered c e l l  c o n t a in in g  the  serum 
in  the middle compartment, which was separated  from the o th er  
two chambers by two semi-permeable membranes* The two end 
compartments conta ined  platinum e l e c t r o d e s  p la c ed  in  f l o w in g  
d i s t i l l e d  w a te r .  When a current  was passed  the io n s  o f  the
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serum passed  t o  the e l e c t r o d e s ,  the  e q u i l ib r iu m  between the  
e l e c t r o l y t e s  and the  p r o t e i n s  was d i s tu r b e d  and the  g l o b u l i n s  
were p r e c i p i t a t e d .  The e u g lo b u l in  separated  f i r s t  and a f t e r  
prolonged e l e c t r o d i a l y s i s  the  p s e u d o g lo b u l in  was a l s o  
p r e c i p i t a t e d ,  and so a g l o b u l i n  f r e e  s o l u t i o n  o f  albumin was 
o b ta in e d .
A d o l f ,  1924.
Using the same method, she found t h a t  the  
p r e c i p i t a t e s  produced l a s t  in  e l e o t r o d i a l y s l s  con ta in e d  l i t t l e  
a n t i t o x i n ,  but t h a t  the  amount o f  a n t i t o x i n  in c r e a se d  as  
p r e c i p i t a t i o n  in crea sed #  She c la im ed  by her  method to  be able  
to  remove a l l  the a n t i t o x i n .
Wernicke, 1925 .
He used the same method a s  A d o l f ,  but was unable t o  
p r e c i p i t a t e  a l l  the a n t i t o x i n .
(e) Enzymes.
Mellanby, 1 90 8 *
He found th a t  i f  0 . 2 $  hy d ro ch lo r ic  a c id  were added 
to  a serum i t  d id  not d e s t r o y  the  a n t i t o x i n ,  but i f  p e p s in  were 
a l s o  added, the  a n t i t o x i n  was r a p i d l y  d e s t r o y e d .  Trypsin  a l s o  
had t h i s  e f f e c t ,  but ac ted  more s l o w l y .  He experimented w i t h  
t r y p s i n  and found th a t  the  d im inution  o f  the amount of p r o t e in  
p r e c i p i t a t e d  by ammonium su lphate  a f t e r  d i g e s t i o n  w ith  t r y p s in  
was c o n s ta n t  f o r  a l l  c o n c e n tr a t io n s  o f  ammonium s u l p h a t e .
Pope 1958.
He obta ined  two p seu d og lo b u l in  s o l u t i o n s  from one
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o r i g i n a l  a n t i - seru m  by the f o l l o w i n g  method:-
He o bta in ed  a p r e c i p i t a t e ,  whioh c o n s i s t e d  o f  f i b r i n ,  
e u g lo b u l in  and some p s e u d o g lo b u l in ,  by p r e c i p i t a t i o n  o f  
the d ip h th e r ia  plasma by 30$ s a t u r a t i o n  w ith  ammonium 
su lph ate*  The a n t i t o x i c  p seu d o g lo b u l in  was e x t r a c t e d  by 
s o l u t i o n  and r e p r e c i p i t a t i o n  w i th  ammonium su lph ate*
When t h i s  had been d i l u t e d  to  app rox im ate ly  2$  p r o t e i n  and 
when 5$ sodium c h lo r id e  had been added, s o l u t i o n s  o f  
vary in g  pH va lue  were obta ined  and h ea ted  a t  v a r io u s
temperatures to  denaturate  the p r o t e in s *  The tem peratures
ov a r ie d  between 58 and 65 0 . ,  depending upon the pH v a lu e  o f  
the s o lu t io n *  The a n t i t o x i c  c o n te n t  was measured 
the f l o c c u l a t i o n  method and the  p r o t e i n  by the Z e i s s  
dipping Refractometer*
I t  was found th a t  where the pH value  had been a d ju s te d  t o  
around 4*0 and c e r t a i n  tem peratures  had been used ,  the  
d e s t r u c t i o n  o f  a n t i t o x i n  was much l e s s  than the  
d e n a tu ra t io n  and l o s s  o f  s o l u b i l i t y  o f  p r o t e in *  A f t e r  
f i l t r a t i o n ,  the r e s i d u a l  a n t i t o x i n  and p r o t e i n  were found* 
The number o f  a n t i t o x i c  u n i t s  per gramme of  p r o t e i n  was 
as much a s  f i v e  t im es  as  many, per gramme o f  p r o t e in  o f  
the o r i g i n a l  s o l u t i o n .
When a s i m i la r  experiment was c a r r ie d  out on another  
p seu d o g lo b u l in  s o l u t i o n  obtained by f r a c t i o n a t i o n  by 
ammonium su lph ate  in  vary ing  c o n c e n tr a t io n s  between 30 and 
50$,  there  was no in c r e a se  in a n t i t o x i c  u n i t s  per gramme o f
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p r o te in *
The d i f f e r e n o e  between the two p s e u d o g lo b u l in  s o l u t i o n s  
was t h a t  in  one case  the  p s e u d o g lo b u l in  had been ac ted  upon by 
the enzyme f i b r i n o l y s i n ,  w h i l s t  In th e  o th er  i t  had not*  The 
d i f f e r e n c e  In the  r e s u l t s  obta ined  was in no way dependent upon 
the p seu d o g lo b u l in  because when f i b r o l y s i n  was added to  the  
second s o l u t i o n ,  I t  behaved in the  same manner a s  the f i r s t *
He v i s u a l i z e d  the i n t a c t  a n t i t o x i c  p seu d o g lo b u l in  
m olecule  as having two components, one n o n - a n t l t o x i c  w i th  a low  
heat  denatu ra t io n  temperature and the o ther  bear in g  a n t i t o x i c  
p r o p e r t i e s  and l e s s  e a s i l y  denaturated* Under c e r t a i n  
c o n d i t i o n s  c r i t i c a l  d e n a tu r a t io n ,  d e n a tu ra te s  the f i r s t  o f  t h e s e  and 
renders  the whole molecule  I n s o l u b l e ,  but by means o f  enzyme a c t i o n  
the undenaturated p r o t e in  may be s p l i t  o f f  as  a s o lu b le  p r o t e i n ,  
s t i l l  having i t s  s p e c i f i c  a n t i t o x i c  a c t i v i t y *
I f  the  p r o t e o l y t i c  enzyme i s  a l low ed t o  a c t  o n ly  on the  
undenaturated p r o t e i n  then ,  f o r  a degree o f  h y d r o l y s i s  which  
cannot be d e t e c t e d  as  a change in  the  t o t a l  p r o t e i n  c o n t e n t ,  a 
change i s  produced which a l lo w s  the e a s i l y  dentaurable  p o r t io n  
to  become i n s o lu b l e  w ithout  In t e r f e r e n c e  w ith  the  o ther  
a n t i t o x i n  bear ing  f r a c t io n *
Pope found a l l  p r o t e o l y t i c  enzymes t o  g iv e  the  same 
r e s u l t s  as  f l b r i n o l y s i n  when employed under c o r r e c t  c o n d i t io n s *
Pope, 1939 (1)
He used v a r io u s  p r o t e o l y t i c  enzymes such as p e p s in  
(BP 1 /2000  -  1 / 1 0 , 0 0 0 ) ,  Trypsin and a c t i v a t e d  papain to  d i g e s t
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the n o n - a n t i t o x i c  p r o t e i n  in  serum and so In crea se  the  
p u r i t y  o f  the a n t i t o x i n .  He d e f in e d  true  d i g e s t i o n  o f  
p r o t e i n  as flI t s  c o n v e rs io n  i n t o  a form no lo n g e r  o o a g u la b le  
by heat  a t  the  i s o e l e c t r i c  p o in t  o f  the p r o t e i n  ( i n  the  
presence  o f  a s u i t a b l e  e l e c t r o l y t e )  ” .
He found the  f a c t o r s  to  be observed when tru e  d i g e s t i o n  
i s  be ing  c o n s id er ed  w ere : -
(1) Where th e  temperature was 2 0 ° C . ,  the  r e a c t i o n  o f  the
s o l u t i o n  may be pH 3 ,  but  where the  temperature was 
35 -  4 0 °C . ,  the pH must be h ig h e r  than 4 .  I f  n o t ,  
there  was marked l o s s  o f  a n t i t o x i n .
(2) Where the r e a c t i o n  o f  the s o l u t i o n  was pH 4 the r a t i o
of  p e p s in  t o  p r o t e i n  must be kept h igh -  ^/10  
(Pepsin  5 . P .  1 / 1 0 , 0 0 0 ) ,  i f  n o t ,  a p r e c i p i t a t e  was 
formed and t h i s  c a r r i e d  out the enzyme w ith  i t *  At 
lower pH v a lu e s  t h i s  p r e c i p i t a t e  was not formed, and 
so low er  p e p s i n - p r o t e i n  r a t i o s  cou ld  be used .
(3) During the d i g e s t i o n  by enzymes, p r o t e o s e s  were formed,
8nd so pure a n t i t o x i n  could  not be obta ined  by s a l t i n g  
out methods,  as these  p r o t e o s e s  were a l s o  p r e c i p i t a t e d  
w ith  a n t i t o x i n .
He found that  not more than 90$ o f  the  o r i g i n a l  
p r o t e i n  could be d i g e s t e d  w ithout  much o f  the a n t i t o x i n  be ing  
l o s t .  He a l s o  found, from a study o f  the  plasma from i n d i v i d u a l  
h o r se s  th a t  p r o t e in  d i g e s t i o n  and a n t i t o x i n  s t a b i l i t y  v a r ie d  
g r e a t l y ,  even although the c o n d i t i o n s  o f  the  p e p t ic  d i g e s t i o n  were
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kept as n e a r l y  I d e n t i c a l  a s  p o s s i b l e #  Some plasmas showed 
marked a n t i t o x i c  l o s s  f o r  the d i g e s t i o n  o f  the  f i r s t  p o r t i o n s  
o f  p r o t e i n  w h i le  o t h e r s  showed an a n t i t o x i n  l o s s  which was 
c o n s ta n t  in  terms o f  " u n i t s  per gram p r o t e i n  l o s s ,  per  gram o f  
p r o t e i n  d i g e s t e d ” u n t i l  most o f  the  p r o t e in  had been d ig e s te d #  
Serum from h o rses  which had been immunized r a p i d l y  to  a high  
t i t r e  gave the b e s t  r e s u l t s  w ith  a simple d i g e s t i o n  method#
The a n t i t o x i n  m o lec u le ,  when a l t e r e d  by enzyme a o t i o n ,  
was more s t a b le  to  phenol than th a t  prepared by o th er  methods# 
Fope concluded th a t  the p u r i f i c a t i o n  o f  a n t i b o d i e s  by 
enzyme a c t i o n  had l i t t l e  advantage over s a l t i n g  out methods 
u n l e s s  i t  was fo l lo w e d  by the  use o f  a d so rp t io n  procedures  to  
remove the i n e r t  p r o t e i n s .
Pope,  1939^#
Experimenting f u r t h e r  w i th  enzymes he t r i e d  the e f f e o t
of :
(1) Heating the plasma b e fo re  treatm ent  w ith  the  enzyme
(2) A f t e r  s l i g h t  enzyme a c t i o n ,  h ea t in g  the  serum and
se p a ra t in g  the p r o t e i n s  by c r i t i c a l  heat  denatu rat ion#  
The second was the b e t t e r  method#
Prom h i s  fu r th e r  experim ents  he s u b s t a n t ia t e d  h i s  
theory  th a t  the  a n t i t o x i c  g l o b u l i n  i s  a complex moleoul© which  
i s  composed o f  two p r o te in  components, one o f  which i s  non­
a n t i t o x i c  and i s  e a s i l y  den a tu rs ted  in  a c id  s o l u t i o n s  and the  
other  which i s  a n t i t o x i c  and i s  l e s s  e a s i l y  den a tu ra ted .  The 
a n t i t o x i c  g lo b u l in  can e a s i l y  be d i sa g g re g a ted  in to  i t s  two
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components by enzyme a c t io n *
The second p o r t io n  i s ,  however,  denaturated  by a l c o h o l ,  
aoetone  or urea# Pope a l s o  found th a t  i f  the o r i g i n a l  a n t i t o x i c  
s o l u t i o n  or the separated  a n t i t o x i c  p o r t io n  was heated  t o  e x o e s s ,  
or heated in  a s o l u t i o n  whose pH value  was 3 or l e s s ,  the  
a n t i t o x i c  prop er ty  was permanently l o s t *
His experim ents  showed th a t  the d i s a g g r e g a t io n  o f  
the a n t i t o x i c  m olecu le  in t o  i t s  two component p a r t s  could  be 
accomplished by a very sm al l  amount o f  enzyme in  a very  sh o rt  
time •
His method f o r  c o n c e n tr a t in g  a n t i t o x i n  on a la r g e
s c a l e  i s  -
The o r i g i n a l  plasma c o n ta in in g  #4$ t r i c r e s y l  i s  d i l u t e d  w ith  
volumes o f  w ater  b e fo re  the pH i s  a d j u s t e d ,  and b e fore  the  
p e p s in  i s  added* I f  t o l u o l  i s  added p r io r  to  h e a t i n g ,  the  
l i p o i d s  in  the  serum come out w ith  the  c o a g u la ted  p r o t e i n  
when the  mixture i s  heated t o  55°C* fo r  two hours# The 
enzyme i s  added, and i t  i s  arranged th a t  a true  d i g e s t i o n  
w i l l  not  take  p l a c e ,  as t h i s  would (1) produce p r o t e o s e s  
which would be sa l t e d -o u t  l a t e r  in the p r o c e s s ,  and (2) make 
i t  im p o ss ib le  f o r  d i f f e r e n t i a l  h ea t in g  to  be employed to  
separate  the  p r o t e i n s .  A d i s a g g r e g a t io n  i s  made to  take  
p l a c e ,  and the c o n d i t i o n s  f o r  t h i s  vary w i th  the  enzyme 
chosen* For pepsin  i t  i s  a pH o f  3*2 and a temperature  
o f  20 -  23°C* f o r  30 minutes*
The enzyme a c t i o n  i s  then stopped by changing the
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pH o f  the  s o l u t i o n  from 3 . 2  t o  4 . 1 ,  u s in g  sodium hydroxide and 
adding a h igh  c o n c e n tr a t io n  o f  an e l e o t r o l y t e  ( s a t u r a t e d  ammonium 
su lphate)  t o  p r e c i p i t a t e  some p r o t e i n  and the enzyme* The 
mixture i s  now heated  to the temperature which c o a g u l a t e s  the  
n o n - a n t i t o x i c  p r o t e i n .  The pH o f  the  f i l t r a t e  i s  a d ju s te d  t o  
7 and th e  a n t i t o x i n  i s  p r e c i p i t a t e d  by 30 -  32$ ammonium 
s u l p h a t e .  The p r e c i p i t a t e  i s  p r e sse d  and d la ly s e d *  The f i n a l  
product  has a p r o te in  c o n ten t  o f  10$ and an in c r e a s e  o f  
a n t i t o x i c  u n i t s  per m i l l i l i t r e  o f  8 -  12 t i m e s .  The a n t i t o x i n  
i s  about 60$ of  the o r i g i n a l  t o t a l .  This  i s  c a l l e d  ’’R ef ined  
serum” .
(2) S p e c i f i c  Methods.
The a c t i v e  immunization o f  human b e in g s  a g a i n s t  
d ip h th er ia  by the use o f  s l i g h t l y n  t o x i c  m ixtures  o f  t o x i n  and 
a n t i t o x i n  was f o r  many y e a rs  a t ten ded  by unpleasant  r e a c t i o n s  
in  the p a t i e n t .  These r e a c t i o n s  were in  the  main due t o  the  
p resen ce  o f  n o n - s p e c i f i c  po isonous  su b s ta n c es  a r i s i n g  mainly  from 
the  c u l t u r e  medium used f o r  the  p rodu ct ion  o f  the t o x i n ,  the  
products  o f  b a c t e r i a l  growth other  than t o x i n ,  b a c t e r i a l  p r o t e in  
and horse  serum. These u n d e s ira b le  c o n s t i t u e n t s  o f  d ip h th er ia  
p r o p h y l a c t i c s  have been d i f f i c u l t  t o  remove. I t  was Ramon (1922) 
who f i r s t  sugges ted  th a t  f l o o c u l e s  which form when n e u t r a l  or 
n e a r ly  n e u t r a l  m ixtures  of to x in  and a n t i t o x i n  are l e f t  a t  room 
temperature f o r  some time might be used to  c o n c e n tr a te  
a n t i - d i p h t h e r i t i c  s e r a .  Prom t h i s  experiment much work along  
th ese  l i n e s  has e v o lv e d .
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Ramon, G. 1925.
To 500 c . c f s o f  f r e s h  d ip h th er ia  t o x in  he added
40 c . c f s o f  a n t i t o x i n  c o n ta in in g  200 u n i t s  per  c . c .  He
separa ted  the  p r e o i p i t a t e  o f  t o x i n - a n t i t o x i n  f l o o c u l e s  by
cen tr i fug ing ,  and then the  f l o c c u l e s  were washed, f i r s t  w i th
p h y s i o l o g i c a l  s a l t  s o l u t i o n ,  and then w i th  d i s t i l l e d  w a t e r .
The p rep a r a t io n  was next d i s s o l v e d  in  75 o . c 1s o f  N/ 1 0 0
a c e t i c  a c i d ,  and the  mixture heated f o r  one hour a t  a
o
temperature o f  58 -  60 C. I t  was e s t im a t e d  to  c o n ta in  a 
co n c e n tr a t io n  o f  6 0 ,0 0 0  u n i t s  per  gram o f  d r ied  f l o c c u l e  and 
to  r e p r e se n t  a reco v ery  o f  75$ o f  the o r i g i n a l  t i t r e .
H a r t l e y ,  1925.
He prepared f l o o c u l e s  in which the a n t i t o x i n  was in  
e x c e s s  o f  the  t o x i n .  These f l o c c u l e s  were i n s o l u b l e  in s a l i n e ,  
and a f t e r  rep ea ted  washings con ta in ed  l e s s  than 1$ o f  the  
n itr o g en  compounds o f  the o r i g i n a l  m ix tu r e .  These f l o c c u l e s  
caused no r e a c t i o n  when i n j e c t e d  in to  guinea p i g s ,  even in  
l a r g e  d o s e s .
When guinea p i g s  were i n j e c t e d  w ith  a q u a n t i ty  o f  the  
emulsion o f  the  f l o c c u l e s  which c onta ined  l e s s  than a 
hundredth o f  a milligramme of  f l o c c u l e ,  they  became immune t o  
d ip h th er ia  t o x i n .
H art ley  found th a t  the va lue  of  the f l o c c u l e s  v a r ie d  
w ith  the o r i g i n a l  t o x i n - a n t i t o x i n  m ix ture .  I f  the a n t i t o x i n  
had been much in e x c e s s  o f  the t o x i n ,  the f l o c c u l e s  d id  not  
induce a high degree o f  immunity in  the guinea p i g s .  I f  the
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a n t i t o x i n  were on ly  s l i g h t l y  in  e x c e s s ,  then the f l o c c u l e s  
produced good immunity. I f  the t o x i n  was very  s l i g h t l y  in  
e x c e s s  o f  the a n t i t o x i n ,  the  f l o c c u l e s  produced the h i g h e s t  
degree o f  immunity o f  t h e s e  three  ty p e s  o f  f l o o c u l e s .
H a r t le y  1926*
He s u b s t a n t ia t e d  h i s  f i n d i n g s  on the  a n t i g e n i c  
p r o p e r t i e s  o f  the three  d i f f e r e n t  ty p e s  o f  f l o c c u l e  and he 
observed t h a t  the f l o o c u l e s  formed in  e x c e s s  o f  t o x i n  took  
l o n g e s t  t o  p r e c i p i t a t e .  He a l s o  found th a t  the  s o l u t i o n  
which remained when n e u t r a l  f l o c c u l e s  had been o b t a in e d ,  was 
a l s o  ab le  t o  produce a s l i g h t  immunity.
The f l o c c u l e s  conta ined  l e s s  than 1.0/6 o f  the t o t a l  
n i tr o g e n  in  the mixtures  from which they  se p a r a te d .  The 
most a c t i v e  p rep a r a t io n  in h i s  s e r i e s  conta ined  o n ly  0 .0 2 $  
of  the  t o t a l  n i tr o g en  occurr ing  In the mixture from which I t  
was d e r iv e d .
He had some ev idence  t h a t  the la r g e  amount o f  
ex traneous  n i tro g en o u s  compounds which t o x i n - a n t i t o x i n  mixtures  
c o n t a i n ,  i n t e r f e r e s  w ith  the product ion  o f  a n t i t o x i n .  I f  the  
f l o c c u l e s  were r e p e a t e d ly  washed w i th  normal s a l i n e  s o l u t i o n s ,  
there  was l i t t l e  a l t e r a t i o n  In t h e i r  n i tr o g en  c o n ten t  and t h e i r  
a n t i g e n i c  a c t i v i t y .
A n t i t o x i n  product ion  f o l lo w e d  the  i n j e c t i o n  o f  sm all  
amounts o f  f l o c o u l e s  which separate  in  n e u t r a l  or t o x i c  m ix tu r es .  
Thus the i n j e c t i o n  o f  amounts o f  f l o c c u l e s  from a n e u t r a l  
mixture c o n ta in in g  4 ,0 0 0  o f  a mmgr. o f  n i t r o g e n  produced 0 .0 2  -  
0 . 1  u n i t s  o f  a n t i t o x i n  per c . o .  o f  serum In s i x  guinea p i g s .
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Doses a hundred t im es  as  la rg e  produced 0 . 1  -  0 . 6  u n i t s .  The 
f l o c c u l e s  from a t o x i c  mixture were even  more a c t i v e .  Doses  
c o n ta in in g  l e s s  than •*“/ ! ( } , 0 0 0  of  a mmgr. o f  n i t r o g e n  produced  
from 0 .0 2  -  0 . 1  u n i t s  o f  a n t i t o x i n  per  c . o .  o f  serum in  
In o cu la te d  animals  and d o ses  ten  t im es  as l a r g e ,  produced  
from 0 . 2  -  1 .3  u n i t s  o f  a n t i t o x i n  per c . o .
Marrack and Smith, 1930 .
They thought th a t  the f l o c c u l e s  o bta in ed  from an 
a n t i t o x i n - t o x i n  mixture resembled very  o l o s e l y  p s e u d o g lo b u l in ,  
as the u l t r a - v i o l e t  a b so rp t io n  cu rves  of the f l o o c u l e s  and of  
pseu d o g lo b u l in  are I d e n t i c a l .  They found a l s o  that  f l o c c u l e s  
conta ined  a very  sm all  amount o f  l i p o i d  m a t e r i a l .  They f i n a l l y  
concluded th a t  f l o c c u l e s  c o n s i s t e d  mainly o f  a n t i t o x i n ,  and t h a t  
a n t i t o x i n  was not p r e c i p i t a t e d  w i th  the p s e u d o g lo b u l in  f r a c t i o n  
o f  a serum, but th a t  a n t i t o x i n  i s  a c t u a l l y  p s e u d o g lo b u l in .
•34 •
S U M M A R Y *
The n o n - s p e c i f i c  methods o f  c o n c e n tr a t in g  serum have 
been more f u l l y  i n v e s t i g a t e d  than the s p e c i f i c  methods.
The e a r l y  I n v e s t i g a t o r s  used f r a c t i o n a t i o n  with a 
r e v e r s i b l e  p r e c i p i t a n t  such as ammonium su lph ate  or sodium 
su lph ate  which removed from the serum, f i b r i n o g e n ,  p a r t  o f  
the  e u g lo b u l in  and the albumin. I t  was soon r e a l i z e d  
however,  that  t h i s  method did not produce a pure a n t i t o x i n  
but a product which as w e l l  s s  c o n t a in in g  a n t i b o d i e s ,  a l s o  
oonta ined  l i p o i d s ,  e u g lo b u l in  and albumin.  F u rther ,  t h i s  
p re p a r a t io n  d e t e r i o r a t e d  w ith  a g e .
Further  i n v e s t i g a t i o n s  l e d  t o  rep ea ted  f r a c t i o n a t i o n  
w ith  ammonium su lphate  or d i a l y s i s  t o  a s a l t  f r e e  c o n d i t io n  which  
was f o l lo w e d  by d i l u t i o n  and adjustment of  the pH o f  the serum 
to  the i s o - e l e c t r i c  p o in t  of  the water  In s o lu b le  p r o t e i n - l i p o i d  
complex.
None o f  the methods used produced a very  c o n c e n tr a te d  
serum when co n s id er ed  in  terms o f  u n i t s  o f  a n t i t o x i n  per  gramme 
of  p r o t e i n .  The c oncen tra ted  sera produced by th ese  methods 
co n ta in ed  about 15^ o f  p seu d o g lob u l in  but much o f  t h i s  was 
n o n - s p e c i f i c .
The e a r l y  i n v e s t i g a t i o n s  of  the use o f  enzymes to  
p u r i f y  a n t i t o x i n s  did not g ive  promising r e s u l t s .  The at tem pts  
were handicapped by two main reasons  (a) la ck  o f  c o n t r o l  f a c t o r s  
such as the r e a c t i o n  (pH) o f  the d i g e s t i o n  m ixtures;  and (b)
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la ck  o f  a simple method f o r  e s t i m a t i n g  the a n t i t o x i c  c o n t e n t  
during d i g e s t i o n  and i s o l a t i o n  of  f r a c t i o n s .  The i n t r o d u c t i o n  
o f  an in  v i t r o  method by Ramon has l e d  t o  an in c r e a s e  in the  
amount o f  exper im en ta l  work c a r r ie d  out on d ip h th e r ia  t o x i n  
and a n t i t o x i n .
Pope d e sc r ib e d  a method f o r  c o n c e n tr a t in g  a n t i s e r a  
whereby he s l i g h t l y  a l t e r e d  the a n t i t o x i c  p se u d o g lo b u l in  o f  the  
antiserum by the a c t i o n  o f  enzymes. This  was f o l lo w e d  by 
c r i t i c a l  heat  denatu ra t ion  o f  the n o n - a n t i t o x l c  p r o t e i n s .
His con c ep t io n  o f  the  a n t i t o x i c  g l o b u l i n  was t h a t  i t  i s  
composed o f  a complex m o lec u le ,  one p o r t io n  o f  which i s  
n o n - a n t i t o x i c  w ith  a low heat  den a tu ra t io n  temperature and the  
other  a n t i t o x i c  and l e s s  e a s i l y  den a tu ra ted .
By the  use o f  c e r t a i n  p r o t e o l y t i c  enzymes, under o e r t a i n  
s p e c i f i e d  c o n d i t i o n s ,  he attempted t o  d i g e s t  the n o n - a n t i t o x i c  
p r o t e in  and so inorease  the  p u r i t y  o f  the a n t i t o x i n *
In t h i s  p r o c e s s  however p r o t e o s e s  were formed which  
reduced the in c r e a se  o f  p u r i t y  o f  the a n t i t o x i n .  To remove t h e s e
p r o t e o s e s  adso rp t io n  methods were n e c e s s a r y .
He found t h a t  there  was a l i m i t  t o  which d i g e s t i o n  could  
be a l low ed to p r o g r e s s ,  a f t e r  whioh d e s t r u c t io n  o f  a n t i t o x i n  
took p l a c e .
The serum he obta ined  had a p r o t e i n  co n ten t  o f  16# and an 
in c re a se d  value in u n i t s  per  ml.  o f  8 -  12 t im es  the  o r i g i n a l  
serum.
S p e o i f i c  Methods: The use o f  f l o c c u l e s  which
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p r e c i p i t a t e  when d ip h th e r ia  t o x i n  and a n t i t o x i n  are  mixed,  
t o  induce immunity, have produced good r e s u l t s *  Very  
small  amounts o f  th e se  f l o c c u l e s  were able  t o  induce a 
high  degree o f  immunity in  anim als  immunized by t h i s  method* 
The three  d i f f e r e n t  ty p e s  o f  f l o c c u l e s  have been i n v e s t i g a t e d  
as t o  t h e i r  e f f i c a c y  in producing a n t i b o d i e s  and the  ,ft o x i c ,! 
f l o c c u l e s  have been found to  g iv e  the b e s t  r e s u l t s *  F l o c c u l e s  
c l o s e l y  resemble p s e u d o g lo b u l in ,  which i s ,  in  the  o p in ion  
o f  Marrack and Smith (1930), a c t u a l l y  a n t i t o x i n .
SECTION 1 1 .
Serum R eact io n s :
Their  in c id e n c e  and m a n i f e s t a t i o n s ,  
t o g e t h e r  w ith  a comparison o f  t h e i r  
occurrence  and c l i n i c a l  f i n d i n g s  
f o l l o w in g  the i n j e c t i o n  of  
c o n c en tr a ted  and r e f i n e d  d ip h th er ia  
a n t i t o x i n .
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SERUM REACTIONS
D e f i n i t i o n  -  Serum r e a c t i o n  I s  the r e a c t i o n  o f  the human body 
to  the p a r e n t e r a l  i n j e c t i o n  o f  f o r e i g n  p r o t e i n s  c o n ta in e d  i n  
animal serum. The degree o f  t h i s  r e a c t i o n  v a r i e s  in  d i f f e r e n t  
p e o p l e .  In some there  may o n ly  be a few u r t i c a r i a l  w h e a l s ,  
w h i l s t  in  o th e rs  who are serum s e n s i t i v e ,  there  may be a 
sev ere  r e a c t i o n ,  accompanied w ith  c y a n o s i s ,  oedema, p a in s  in  
the  j o i n t s  and an u r t i c a r i a  c o ver in g  most o f  the body.  The 
in c u b a t io n  per iod  v a r i e s .  In the  serum s e n s i t i v e  i n d i v i d u a l  
i t  may come on im m ediate ly ,  but the average f o r  the n o n - s e n s i t i v e  
p a t i e n t  i s  8 -  10 days .  The s e n s i t i v e  p a t i e n t  may have been  
s e n s i t i s e d  by a p r e v io u s  i n j e c t i o n  o f  serum, by c o n t a c t  w ith  
animal p r o t e i n  or he may be n a t u r a l l y  a l l e r g i c  t o  serum 
p r o t e i n s .  I t  i s  u s u a l l y  in the  serum s e n s i t i v e  people  tha t  
the  f a t a l  c a s e s  are record ed .
The sudden and immediate r e a c t i o n s  are very o f t e n  
termed a n a p h y la c t ic  r e a c t i o n s ,  as th e y  are comparable t o  the  
anap hy lax is  o f  s e n s i t i s e d  an im a ls .
H i s t o r i c a l .
The f i r s t  o b s e r v a t io n s  on serum r e a c t i o n s  were  
made by D al lera  in  1874,  who observed u r t i c a r i a l  r a sh e s  
in p a t i e n t s  f o l l o w in g  t r a n s f u s io n  w ith  lambs* b lo o d .  These 
ra sh es  appeared 7 - 1 0  days a f t e r  the t r a n s f u s i o n .
Sh o r t ly  a f t e r  the In tr o d u c t io n  of  a n t i - d i p h t h e r i t i c  
serum by Behring and K i t a s a t o  in 1890,  and more so a f t e r
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i t s  t h e r a p e u t i c  va lue  had been rep orted  upon by Emile  Roux 
a t  the I n t e r n a t i o n a l  Congress o f  Hygiene a t  Budapest ( 1 8 9 4 ) ,  
serum: r e a c t i o n s  were observed in  p a t i e n t s  f o l l o w i n g  i t s  
p a r e n t e r a l  a d m i n i s t r a t i o n .  These r e a c t i o n s  were not new 
c o m p l ic a t io n s  o f  the d i s e a s e ,  but c o m p l ic a t io n s  d i r e c t l y  due 
to  the  serum.
Lubllnsky  (1894) f i r s t  observed the symptom complex of  
f e v e r ,  J o in t  pa in s  and rashes  which occurred some days a f t e r  
i n j e c t i o n  o f  the serum. Heubner and Bokay (1895) s a id  th a t  
the symptom complex was due to  the n o n - a n t i t o x i o  p r o t e i n s  
p r e s e n t  in  the serum, and t h e i r  v iew was confirmed by 
Johannessen and Heubner ( 1 8 9 5 ) ,  who demonstrated th a t  serum 
r e a c t i o n s  took p laoe  a f t e r  the i n j e c t i o n  o f  norms! horse  
serum and so the r e a c t i o n s  could not be a t t r i b u t e d  t o  the
a n t i b o d i e s  p re sen t  in  the serum.
1
Hartnung (L896 ) p u b l i sh ed  the f i r s t  s t a t i s t i c s  on 
serum r e a c t i o n s .  The percentage  v a r ie d  from 8 -  11 ,  and o f  
serum r a sh e s  there  were fo u r  ty p e s  (a) U r t i c a r i a l ,
(b) M o rb i l l i fo r m ,  (c) Polymorphus or c i r c i n a t e ,  and
(d) S c a r la t i n i f o r m .  He a l s o  recorded two c a s e s  o f  abnormal
r e a c t i o n s  a f t e r  a second i n j e c t i o n  o f  serum (18 9 6^ ) .  S im i la r  
r e a c t i o n s  were reported  by Denys and L e c l e f  (1896) and 
Goodall  ( 1 8 9 8 ) .  The f i r s t  f a t a l i t y  a f t e r  serum a d m in is t r a t io n  
was recorded in 1896.  The c h i l d  was an a l l e r g i c  i n d iv i d u a l  
who had had no p r ev iou s  i n j e c t i o n  o f  serum, but was g iv e n  a 
p r o p h y la c t i c  dose of  d ip h th er ia  a n t i t o x i n .  The case  was
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rep orted  by P r o f e s s o r  Langerhans.
The term serum s i c k n e s s  or serum d i s e a s e  was f i r s t  
used by Von P ir q u e t  and Schick  in  1903* In 1905 t h e s e  two 
i n v e s t i g a t o r s  p u b l i sh ed  t h e i r  book "Die Serurakrankheit", 
which con ta in e d  a f u l l  account of  the e t i o l o g y ,  ty p e s  and 
symptoms o f  serum r e a c t i o n s  in man.
2 .  Mechanism o f  Serum R e a c t io n s .
Attempts to  demonstrate th a t  the  course  o f  serum 
r e a c t i o n s  i s  due to  an a n t ig e n - a n t ib o d y  r e a o t i o n  have r e s u l t e d  
in many experim ents  be ing  c a r r ie d  o u t .  The f i r s t  important  
work in t h i s  f i e l d  was done by Von P irq u et  and Sch ick  (1903 -  
1 911)•  Most of  the work done s in ce  then has been towards  
v e r i f i c a t i o n  o f  t h e i r  f i n d i n g s ,  which were mainly the  
r e l a t i o n s h i p  between the appearance in  the  b lo o d -s tre a m  o f  
p r e c i p i t i n s  and the onset  o f  serum r e a c t i o n .  These 
p r e o i p i t i n s  appear in the blood 6 - 9  days a f t e r  serum 
i n j e c t i o n  and never b e fo re  the  symptoms o f  serum d i s e a s e .
Von P ir q u et  (1911) concluded th a t  normal serum r e a c t i o n s  
in  man occurr ing  8 - 1 2  days a f t e r  i n j e c t i o n  were analagous  
to  anap hy lax is  in  an im a ls ,  because r a b b i t s  and guinea p i g s  
became s e n s i t i s e d  and a n t i b o d i e s  appeared in  the b lood -stream  
a f t e r  a s i m i la r  i n t e r v a l .  He a l s o  s t a t e d  t h a t  a serum 
i n j e c t i o n  rep eated  w h ile  s p e c i f i o  a n t i b o d i e s  are s t i l l  
p r e se n t  in the body ca u ses  an immediate r e a c t i o n .  A f t e r  a 
l o n g e r  i n t e r v a l  a n t ib o d ie s  may not  s t i l l  be p r e s e n t ,  but  
the body has been s e n s i t i s e d  to  produce a n t i b o d i e s  more
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r a p i d l y ,  c aus in g  an a c c e l e r a t e d  r e a c t i o n  a f t e r  4 - 7  days*  
Animal Experiments*
As our knowledge o f  the mechanism o f  serum 
r e a c t i o n s  has been g r e a t l y  enhanced by the  i n j e o t i o n  o f  
anim als  w i th  serum, the r e s u l t s  recorded by th ree  o b s e r v e r s  
w i l l  be quoted t o  i l l u s t r a t e  the va lue  o f  animal  
e x p e r im e n ts •
(a) F l e i s c h e r  and Jones (1931-1934)  working with  
a lb in o  r a b b i t s ,  found th a t  serum r e a c t i o n  c h a r a c t e r i z e d  by 
erythema and oedema was apparent in the e a r s  o f  68*9$ of  
r a b b i t s ,  3 - 9  days subsequent to  the subsoapular  i n j e c t i o n  
o f  horse  serum* They could  not d i s c o v e r  any ev id en ce  t h a t  
the occurrence o f  serum r e a c t io n  was d i r e c t l y  a s s o c i a t e d  w i th  
the product ion  or appearance o f  p r e c i p i t i n s .  There was no 
d i f f e r e n c e  in  the p r e c i p i t i n  curves  o f  i n j e c t e d  r a b b i t s  who 
did or did not  develop serum r e a c t i o n .  The v a r i a t i o n  in  
in c id en ce  o f  serum r e a c t i o n  us in g  serum from d i f f e r e n t  h o r se s  
was 24 -  93 per c e n t ,  and they  concluded th a t  the a c t i v e  
f a c t o r  i s  p resen t  in a l l  s e r a ,  the important f a c t o r  in  
product ion  o f  serum r e a c t i o n s  be ing  the r e a c t i v i t y  o f  the  
i n d iv i d u a l  r a b b i t s .
In r e a c t i o n s  a f t e r  a second i n j e c t i o n  the time  
between the f i r s t  and second i n j e c t i o n  i s  the important  
f a c t o r ,  up to  12 days a normal r e a c t i o n  occurred ,  between  
2 - 4  weeks r e a o t i o n s  were o f  the a c c e l e r a t e d  t y p e ,  from 
5 - 7  weeks there  were both immediate and a c c e l e r a t e d
r e a c t i o n s ,  and from 3 - 5  months o n ly  immediate r e a c t i o n s  
occurred* A f t e r  6 months r e a c t i o n s  tended t o  r e v e r t  t o  
the normal t y p e .
"These r e a c t i o n s  in  r a b b i t s  are e s s e n t i a l l y  ana lagous  
to  r e a o t i o n s  appearing in man subsequent to  second  
i n j e c t i o n s  o f  serum."
F r a c t i o n a l  p r e c i p i t a t i o n  o f  serum w i t h  ammonium 
su lph ate  proved th a t  the p seu d o g lo b u l in  was p r im a r i ly  
concerned w ith  the  cause of  serum r e a c t i o n ,  e u g lo b u l in  o n ly  
when i t  was i n j e c t e d  in  la rg e  q u a n t i t i e s  and albumin not  a t  
a l l .  Abnormal r e a o t io n s  a f t e r  second i n j e c t i o n  were e q u a l l y  
fre q u en t  with pseu d o g lob u l in  and e u g l o b u l i n ,  rare  w i th  
albumin•
1 & 2
(b) Kahn (1933 ) a l s o  experim enting  w i t h  a l b i n o  r a b b i t s
found t h a t  f o l l o w in g  the i n j e o t i o n  o f  w h ite  o f  egg or horse  
serum, sk in  s e n s i t i v i t y  r e a c t i o n s  and serum p r e o i p i t i n s  
were p a r a l l e l  f o r  some weeks,  w h i le  a month or more l a t e r  
sk in  s e n s i t i v i t y  r e a c t i o n s  were s t i l l  p r e s e n t  in the absence  
o f  serum p r e c i p i t i n s .
Mechanism o f  Serum R ea ct ion s  in  Man.
To s u b s t a n t i a t e  the assumption t h a t  serum r e a c t i o n s  
in  man are due t o  an a n t ib o d y -a n t ig e n  r e a c t i o n ,  i t  must be 
proved th a t  (a) f o l lo w in g  the p a r e n t e r a l  a d m in i s t r a t io n  o f  
a n t i s e r a ,  a s p e c i f i c  a n t ig e n  appears in the blood plasma 
(b) where serum r e a c t i o n s  f o l l o w  s p e c i f i c  a n t i b o d i e s  appear  
in  the b lood-stream  (c) where no serum r e a o t i o n s  f o l l o w ,
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no a n t i b o d i e s  are e la b o r a te d  or i f  they  a r e ,  t h e i r  presen ce  
cannot be d e t e c t e d  in  the b lo o d -s tr e a m .
(a) P resence  o f  a S p e c i f i c  Antigen in the B lood-Stream .
Longoope and Raokemann, 1918 ,  concluded t h a t  during  
the in c u b a t io n  per iod  o f  serum d i s e a s e  the amount o f  a n t ig e n  
p r e s e n t  in  the  b lood -stream  remains c o n s ta n t  and i s  dependent  
upon the amount of  serum adm in is tered  •
Mackenzie and Leake,  1921,  us ing  serum from r a b b i t s  
which had been immunized a g a in s t  horse  serum, p r e c i p i t a t e d  out  
o f  human serum the horse serum p r e se n t  in i t ,  a f t e r  the  
p a t i e n t  had r e c e i v e d  ant i -serum  der ived  from h o r s e s .  In 
e le v e n  o f  the p a t i e n t s  who developed severe  serum r e a c t i o n s ,  
the  horse  serum ( p r e c ip i t in o g e n )  d isappeared from the human 
serum when the symptoms o f  the serum r e a c t io n  were p a s s i n g  o f f .  
Where the  p a t i e n t s  deve loped no r e a c t i o n ,  the  p r e c i p i t i n o g e n  
remained in the blood f o r  as  long as the o b s e r v a t io n s  were 
c a r r i e d  out (two months) •
Mackenzie and Hangar, 1 9 5 0 , proved th a t  horse  serum 
can be found in the  b lood-s tream  f o r  2 - 3  weeks f o l l o w in g  
a d m i n i s t r a t i o n ,  but i f  a serum r e a c t i o n  occurred ,  i t  r a p i d l y  
disapp eared .
(b) Presence  o f  A n t ib o d ie s .
W e l l s ,  1915 , demonstrated the presence  o f  p r e c i p i t i n s  
in the  blood plasma 4 - 5  days a f t e r  the  a d m in i s t r a t io n  o f  
ant iserum . He thought th a t  the c o n c e n tr a t io n  o f  the  
p r e c i p i t i n s  in c reased  w ith  the amount o f  antlserum g iv en  and
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t h a t  the symptoms o f  serum r e a c t i o n s  d isappeared  when the  
p r e c i p i t i n s  were l i b e r a t e d .
Longcope and Raokemann, 1 9 1 8 , were o f  the op in ion  
th a t  serum r e a c t i o n s  were not due t o  the appearance o f  
a n t i b o d i e s  in  the blood plasma, but th a t  the a n t i b o d i e s  
n e u t r a l i z e d  the a n t ig e n  and so the  p a t i e n t  reoovered  from 
h i s  serum r e a c t i o n .
Mackenzie and Leake, 192 1 , t e s t e d  f o r  p r e c i p i t i n s  
by adding an equal  volume o f  normal s a l i n e  to  a q u a n t i t y  of  
p a t i e n t s *  serum and p r e c i p i t a t e d  the p r e c i p i t i n s  by v a r io u s  
d i l u t i o n s  o f  horse serum. In e l e v e n  p a t i e n t s  who had severe  
serum r e a c t i o n s  they  found a high c o n c e n tr a t io n  of  p r e c i p i t i n s  
and t h i s  c o n c e n tr a t io n  rose  near the time when the symptoms 
were p a s s in g  o f f .  In four  p a t i e n t s  who had mild serum 
r e a c t i o n s  the c o n c e n tr a t io n  of  the p r e c i p i t i n s  was very  low 
or a b s e n t .
Wyard, 1 9 22 . From 35 o a se s  he found by p r e c i p i t a t i o n  
with horse  serum, s p e c i f i c  a n t i b o d i e s  in  24 c a s e s .  He was o f  
the op in ion  th a t  a lthough  p r e c i p i t i n s  may be found in the  
p a t i e n t * s  serum, serum r e a c t i o n s  have no r e l a t i o n s h i p  w i th  them.
Tuft  and Ramsdell ,  1929 , conducted many experim ents  
f o r  the presence  o f  a n t i b o d i e s  by p r e c i p i t a t i o n  and p a s s iv e  
t r a n s f e r .  They obta ined  blood from p a t i e n t s  a t  d i f f e r e n t  
i n t e r v a l s  f o l lo w in g  i n j e c t i o n  or a n t i t o x i c  and Immune horse  
serum. Their r e s u l t s  showed t h a t ,  where r e a c t i o n s  occurred ,  
a n t i b o d i e s  were demonstrable in many o f  the  p a t i e n t s *  sera by
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means o f  the  P r a u sn l t z  -  Kustner r e a c t i o n ,  and a l s o  th a t  
p a s s i v e  s e n s i t i s a t i o n  o f  guinea pigs*  e a r  sk in  co u ld  be 
produced#
Mackenzie and Hangar, 193 0 , demonstrated the  presenoe  
o f  p r e c i p i t i n s  in human sera from n o n - s e n s i t i v e  p a t i e n t s  
9 - 2 1  days a f t e r  the i n j e c t i o n  of  the a n t i - s e r u m .  They 
thought th a t  s h o r t l y  a f t e r  the i n j e c t i o n  o f  serum the o e l l s  
o f  the body began to  produce p r e c i p i t i n s  which remained 
i n t r a c e l l u l a r *  At the end o f  the incu b at ion  p e r i o d ,  the  
c o n c e n tr a t io n  o f  the p r e c i p i t i n s  was such th a t  i t  r e a c te d  w i th  
the  horse  serum in  the b lood-stream* Where serum r e a c t i o n  
took p l a c e ,  the p r e c i p i t i n s  were in  e x c e s s  in  the p a t i e n t f s 
serum.
( c) Absence o f  A n t ib o d ie s  where no Serum React ion  o c c u r s .
Longoope and Rackemann, 1918y c o n s id er ed  th a t  i t  was 
im p o ss ib le  f o r  serum r e a c t i o n  to  occur i f  no a n t i b o d i e s  cou ld  
be found in  the  p a t i e n t ’ s serum.
Mackenzie and Leake, 1921 , in  four  c a s e s  where no 
serum r e a c t i o n  occurred ,  were unable to  demonstrate p r e c i p i t i n s  
in  the b loo d -s tre a m .
Prom the o b s e r v a t io n s  made above i t  w i l l  be seen  
th a t  th ere  i s  c o n s id e r a b le  experim enta l  proof  t h a t  serum 
r e a c t i o n s  are dependent upon an ant ibody  -  a n t ig e n  r e a c t io n *  
Coca, 1931,  h a s ,  however, been ab le  to  demonstrate the presenoe  
o f  p r e c i p i t i n s  in the blood before  and a f t e r  the occurrence o f  
symptoms and a l s o  in  the absence o f  r e a c t io n s *  He a l s o  has
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shown th a t  symptoms cou ld  occur w ithou t  p r e c i p i t i n s  be in g  
p r e s e n t .
I t  might be th a t  the  e la b o r a t i o n  o f  a n t i b o d i e s  depends 
more on the i n d i v i d u a l  than on the  serum i n j e c t e d ,  but  th e re  i s  
no doubt th a t  a n t i b o d i e s  do appear in  the p a t i e n t ! s serum* The 
presence  or absence o f  demonstrable  a n t i b o d i e s  must depend a 
g r e a t  d ea l  upon the p a t i e n t *  In one p a t i e n t ,  who shows serum 
r e a c t i o n ,  the a b t i b o d i e s  might on ly  be in s l i g h t  e x c e s s  and so  
t h e i r  presence  might not be d e t e c t a b l e ;  in  another  with no 
serum r e a c t i o n ,  the a n t i b o d i e s  might be in  g r e a t  e x c e s s  and 
e a s i l y  dem onstrab le •
C o n c lu s io n s .
F o l low ing  upon the p a r e n t e r a l  a d m in is t r a t io n  o f
\
f o r e ig n  serum in man, a n t ig e n s  can be demonstrated in th e  blood*  
During the  incub at ion  p er io d  there  i s  a gradual  form ation  o f  
s p e c i f i c  a n t i b o d i e s  in  the s p e c i a l  c e l l s  o f  the body 
( r e t i c u l o - e n d o t h e l i a l  system, s k i n ,  e t c . ) .  The p r o o e s s  may 
end t h e r e ,  but in c e r t a i n  c a s e s ,  f o r  no apparent r eason ,  a 
r e a c t i o n  ta k es  p la ce  between the an t ig e n  and the s p e c i f i c  
a n t ib o d y ,  h is tam ine  i s  l i b e r a t e d  i n  the t i s s u e s  and the  onse t  
o f  the  serum r e a c t io n  o c c u r s .  The a n t i b o d i e s  extruded in  
e x c e s s  from the c e l l s  in to  the blood n e u t r a l i z e  the a n t ig e n  
and so the symptoms o f  the r e a c t i o n  diminish* Some ant ib ody  
remains in  the c e l l s  f o r  a prolonged per iod* This  can be 
demonstrated by skin  s e n s i t i v i t y  t e s t s *  When a second  
i n j e c t i o n  o f  serum i s  g iv e n ,  the incub at ion  p er io d  i s  reduoed
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because  th e re  I s  some ant ib ody  a l r e a d y  p r e se n t  in  the t i s s u e  
c e l l s *
3* Serum R e a c t io n s  in  Man*
A* Types bf  R eact ion  (Von P lr q u e t  and Soh ick ,  1905)
( i )  Normal: A f te r  primary i n j e c t i o n  and a l a t e n t
p er io d  o f  7 -  15 d a y s .
( i i )  A ooe lera ted :  In which the l a t e n t  p e r io d  i s
reduced to  l e s s  than 7 days* This  type  
u s u a l l y  f o l l o w s  the r e i n j e c t i o n  o f  serum 
a f t e r  a p e r io d  o f  s e v e r a l  months (7  months 
to  7§ y e a rs  in Von P i r q u e t ! s s e r i e s  o f  c a ses )  .
( i i i )  Immediate: Occurs w i th in  24 hours from the time
o f  a d m in is t r a t io n  and occurs u s u a l l y  where a 
p r e v io u s  i n j e c t i o n  o f  serum has been r e c e i v e d  
from 2 weeks t o  6 months p r e v io u s ly *  (12 -  50 
days in Von P ir q u e t* s  s e r i e s ) .
The l a t t e r  two groups may be termed abnormal r e a c t i o n s *  
Coca, 1931,  d i f f e r e n t i a t e s  the  immediate type o f  
r e a c t i o n  which occurs  in  s e n s i t i v e  p a t i e n t s  a f t e r  a primary  
i n j e c t i o n  o f  small  q u a n t i t i e s  o f  serum in t o  two c l a s s e s : -
( i )  Where the r e a c t i o n  occurs  w i t h in  a few hours and 
where the symptoms are s i m i l a r  to  those  
d eve lop ing  in  the normal r e i n j e c t e d  patfent.
( i i )  The severe  and o c c a s i o n a l l y  f a t a l  immediate r e a c t i o n
which occurs w i th in  a few minutes ,  c h a r a c t e r iz e d  
by dyspnoea, c y a n o s i s ,  vomiting e t c .
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B. F a c to r s  which in f l u e n c e  the In c id en ce  o f  Serum R e a c t i o n s ,  
( i )  Age: There i s  d i f f e r e n c e  of  op in ion  on t h i s
s u b j e c t .  Coca (1922) s t a t e s  th a t  the in c id e n c e  of  
serum r e a c t i o n s  v a r i e s  l i t t l e  at  d i f f e r e n t  a g e s .  
G oodall  (1928) i s  o f  the opin ion  th a t  the r a t e  i s  
h ig h e s t  in young p e o p l e .  Hunt (1932) found the  
in c id en ce  h i g h e s t  in  the 10 -  20 age group.
Hecksher (1926) recorded th a t  w ith  la r g e  d o ses  o f  
serum the in c id en ce  and s e v e r i t y  o f  serum r e a c t i o n s  
I n c r e a s e s  w i th  a ge .
( i i )  Sex: Goodall  (1928) in c a s e s  t r e a t e d  with
unconcentrated d ip h th er ia  a n t i t o x i n  found a 
h ig h e r  proport ion  o f  r e a c t i o n s  in fem ale s  than 
m ales .  With r e f i n e d  serum, the r e v e r se  was 
observ ed .  The g e n e r a l  concensus o f  op in io n  i s ,  
however, th a t  sex has no i n f lu e n c e  on the i n c i d e n c e ,  
( i l l )  Race: Mackenzie and Hangar (1930) found a low
in c id en ce  o f  serum r e a c t i o n s  in  negroes and North 
American In d ia n s .  C oca ,D elbert  and Menger (1922) 
observed in  a s e r i e s  o f  c a s e s  t h a t  46$ o f  American 
In d ian s  and 75$ Whites developed serum r e a c t i o n s .
The Ind ians  had a m ilder  r e a c t io n  than the W hites ,
( iv )  Amount o f  Serum i n j e c t e d :  Broadly speak ing ,  the
in c id en ce  o f  serum r e a c t i o n s  i s  d i r e c t l y  
p r o p o r t io n a l  t o  the amount o f  serum i n j e c t e d .  This  
f a c t  i s  s u b s t a n t ia t e d  by the r e s u l t s  o f
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S tu rte v a n t  ( 1 9 1 6 ) ,  Goodall  (1928) and Hunt (1932)*  Huntf s
f i g u r e s  f o r  d ip h th e r ia  serum were -  under 10 c * o f s
o f  serum i n j e c t e d ,  the  in c id e n c e  was 1 4 .5 # ;  where 
over 100 o . c f s were i n j e c t e d ,  the in c id en ce  rose  
to  6 1 .7 $ .
(v) Type o f  Serum:
(a) Whole and concentrated*
As has been demonstrated above ,  a n t i t o x i n  i s  
mainly a s s o c i a t e d  w ith  the  p seu d o g lo b u l in  f r a c t i o n  
o f  serum p r o te in *  The v a r io u s  methods used to  
i s o l a t e  t h i s  have been descr ibed*  With 
c o n cen tr a ted  serum the bulk o f  serum i n j e c t e d  i s  
dim inished  as more u n i t s  o f  a n t i t o x i n  are p r e se n t
in eaoh cubic  cen t im e tr e  o f  a n t i t o x i c  serum.
Toomey and August (1930) reported  on a la rg e  s e r i e s  o f  
c a s e s  t r e a t e d  between 1924 -  1929.  With 
unconcentrated serum the percentage  was 1 0 .6  and 
with concen tra ted  serum i t  was 1 6 . 6 .  The h ig h er  
dosage employed in  r e c e n t  y e a rs  may account f o r  
t h i s *
A f u l l  i n v e s t i g a t i o n  in to  the in c id en ce  o f  serum 
r e a c t i o n s  f o l l o w in g  the a d m in is t r a t io n  o f  
unconcentrated and co n c en tr a ted  serum was 
p u b l ish ed  in the M.A*B. r ep o r t  o f  1928 -  1929*
During 1926 -  1926,  711 c a s e s  r e c e i v e d  
unconcentrated serum (400 u n i t s  o f  a n t i t o x i n  per c . c )
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The p ercentage  o f  serum r e a c t i o n s  was 44#3 
During 1926 -  2 7 ,  770 c a s e s  r e c e i v e d  75$  
unconoentrated serum and 25$ co n cen tr a ted  
serum, and th e  p ercentage  r e a c t i o n  was 
reduced t o  31 .4$#  Prom 1927 onwards 
o n ly  c o n c e n tr a te d  serum was used (800 -  1000  
u n i t s  per  c # c ) ,  and the in c id e n c e  o f  serum 
r e a c t i o n s  f e l l  t o  1 5 . 7 $ .
V a r ia t io n  in in c id en ce  of  serum r e a c t i o n s  w ith  
c o n cen tra ted  and unconcentrated  s e r a .
P ercentage  o f  Serum R eact ion  
Author Type o f  Serum Unc onoentra ted  Concentra ted
Park and Throne 
(1906)
Diphther ia  A.T. 7 0 .0 4 6 .0
Ronaldson (1923) Diphtheria  A.T* 7 6 .5
Von P ir q u e t  and 
Schick (1926)
S c a r l e t  Fever 8 5 .0
M.A.B. Report  
(1928-29)
D iphther ia  A.T. 4 4 .3 1 5 .7
Goodall  (1928) Do. 4 0 .1
Tooraey and August  
(1930)
Do. 1 0 .6 1 6 .6
C e c i l  and Plummer 
(1930)
(In travenous
Pneumococcal)
53-92 2 0 .6
Hunt, (1932) Diphther ia  A.T. 28 .1
Davis  (1938) Do. 1 7 .3
B e lv id e re  Fever Do. 9 .9
H o sp i ta l  (1930-36)
P r e se n t  I n v e s t i g a t i o n  Do. ( re f in e d )  2 .4
(b) Sera der iv ed  from Animals o th er  than the Horse
Diphther ia  and t e t a n u s  a n t i t o x i n s  have been
der ived  from Immunizing o a t t l e .  Kraus e t  a l  
1 & 2
(1921 ) found o n ly  4 . 5 $  o f  r e a c t i o n s  in  a
s e r i e s  o f  198 c a s e s  t r e a t e d  w i t h  d ip h th e r ia  
a n t i t o x i n  der ived  from c a t t l e .  Of the 198 
o a s e s ,  93 had had a p r e v io u s  i n j e c t i o n  of  
horse serum, and o f  t h i s  number the  
p ercen ta g e  r e a c t i o n  r a t e  was 5 . 3 .
(o) Homologous Sera:
These are rare  but do occu r .  Dooley (1932)  
reported  a case  o f  a boy who was g i v e n ,  
in tr a m u sc u la r ly ,  45 o . c * s  o f  poo led  
p o l i o m y e l i t i s  c o n v a le s c e n t  serum. The 
p a t i e n t  developed a g e n e r a l i z e d  u r t i c a r i a ,  
oedema o f  the fa ce  and a mild a r t h r i t i s  three  
days l a t e r .  One month l a t e r  he showed sk in  , 
s e n s i t i v i t y  t o  the same batch o f  serum but  
t o  no o t h e r .  Tedstrom (1934) r ep o rted  a 
case  where a blood donor,  who, a t  the time o f  
t r a n s f u s i o n ,  was s u f f e r in g  from u r t i c a r i a  due 
t o  s t r a w b e r r i e s ,  t r a n sm it t e d  the u r t i c a r i a  t o  
the r e c i p i e n t .  The u r t i c a r i a  developed in  
the p a t i e n t  in  t h i r t y  m inutes .  A t r a n s f u s i o n  
was done some time l a t e r  when the don orf s 
u r t i c a r i a  had passed  o f f ,  and t h i s  t ime the
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r e c i p i e n t  did not dev e lo p  u r t i o a r i a .
(d) Serum from c e r t a i n  h o r s e s  would appear to  cause
a g r e a t e r  in c id e n c e  o f  serum r e a c t i o n s  than
o th e r s  (G ooda l l ,  1928; Coca, 1 9 3 1 ) .
The p r a c t i c e  nowadays i s  to  p o o l  a l l  sera and 
so e l im in a t e  t h i s  f a c t o r .
(e)  Some ty p e s  of  sera  produce a h igher  r a te  o f
r e a c t i o n s  -  pneumococcal and a n t i - s c a r l a t i n a l
s e r a .  The f i g u r e  from the s o a r l e t  f e v e r  
case  r e p o r t s  in B e lv id e re  H o s p i t a l  during  
the  years  1930 -  36 was 1 0 .7 $  a g a i n s t  9 . 9 $  
f o r  d i p h t h e r ia .  The reason f o r  the  
d i f f e r e n c e  may depend upon the c o n c e n t r a t i o n ,  
the  amount and route  of  a d m i n i s t r a t i o n .
(v i )  Presence  o f  P r e s e r v a t i v e :  This  does not i n f lu e n c e
the number o f  r e a c t i o n s  o c c u r r in g .  I t  has no 
a c t i o n  on the s e n s i t i s i n g  property  o f  horse  serum 
(Rosenau and Anderson, 1907) ,  nor does i t  cause  
r e a c t i o n s  (Park,  1 9 1 3 ) .
( v i i )  H y p e r s e n s i t i v i t y  o f  the I n d iv id u a l :
(a) P rev iou s  Serum I n j e c t i o n s .
Both Currie (1907) and S tu r tev a n t  (1916) 
found no pro o f  o f  an Increased  r e a c t i o n  
r a te  I f  the serum were adm in is tered  in  two 
or more i n j e c t i o n s ,  provided  t h a t  the  
i n t e r v a l  between the f i r s t  and l a s t  dose
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d id  not  exceed  8 - 1 0  d a y s .  The l a t e n t  
p e r io d  i s  not reduced and the d u r a t io n  o f  
the  r e a c t i o n  i s  not I n c r e a s e d .
Where a second dose o f  serum i s  g iv en  a f t e r  a 
per iod  o f  more than 10 days the percen ta g e  
o f  serum r e a o t i o n s  i s  d e f i n i t e l y  In c r e a s e d .
Author No. o f  No ______
Cases % o f  R eact io n s
P rev iou s  Serum P r e v io u s  Serum
T s ?
S te w a r t ,  1926 
S p i c e r ,  1928
G o o d a l l ,  1928
Gordon and C r esw e l l  
1929
Toomey and August 
1930
B e lv id e r e  H o sp i ta l  
Case Reports 1930-36
P re se n t  I n v e s t i g a t i o n
6
164
45
28
8 ,523
203
1 ,750
151
556
53
42
6 ,0 4 6
554
120
884
96
20
1 3 .4
3 9 .5
1 6 .0
8 . 6
Type 
T.A.T.
Diph.A.T.
T.A.T.
Diph.A.T.
Diph.A.T.
T.A.T.
Diph.A.T.
T .A.T .
Diph .A .T .
S c .F e v .A .T .
2 .4
R e a c t io n s
100
1 7 .8
1 4 .3
6 3 .5
4 3 .0
7 4 .1
2 6 .4  
4 5 .0
1 8 .4  
3 6 .6
2.1
5 .0
Note: DIph. A.T.  s Diphtheria  A n t i t o x i n ;  T.A.T.  s Tetanus
A n t i t o x i n ;  and Sc.  F ev .  A.T. = S c a r le t  Fever A n t i t o x i n .
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(B) P r e v io u s  i n j e c t i o n  o f  T .A .T . ,  T.A.M., e t c :
Gordon and C r e s w e l l ,  1929 .  As noted above ,  
they  rep orted  a 7 4 .1 $  o f  serum r e a c t i o n s  in  
c h i ld r e n  who had p r e v i o u s l y  been Immunized 
with  T .A.T. The high in c id e n c e  was thought  
t o  be due to  the c h i l d r e n f s having r e c e i v e d  
se v e r a l  sm all  d oses  o f  horse  serum.
Park 1928 .  In h i s  o p in io n ,  p r e v io u s  
immunization w i th  m a ter ia l  c o n ta in in g  sm al l  
doses  o f  horse serum had l i t t l e  e f f e c t  upon 
the in c id en ce  o f  serum r e a c t i o n s .
Fleming and P e t r i e ,  1934.  Noting the f a c t  
th a t  most immunizing s o l u t i o n s  c o n s i s t e d  
mainly o f  fo rm a l ize d  to x o id  s o l u t i o n  w i t h  
l i t t l e  a n t i t o x i n  p r e s e n t ,  they  were o f  the  
opin ion  th a t  t h i s  f a c t o r  (p rev io u s  
immunization) would s h o r t l y  be e r a d ic a t e d  
as  a p o s s i b i l i t y  in i n c r e a s in g  the  
percentage  o f  serum r e a c t i o n s .
(C) Natural  A l l e r g y  t o  Horse P r o t e in s  -
See s e c t i o n  on serum a c c i d e n t s  (Page 64)
( v i i i )  Methods o f  A d m in is tra t ion :  Opinion v a r i e s
as to  whether serum r e a c t i o n s  are more 
freq u en t  a f t e r  in traven ous  i n j e c t i o n  or  
a f t e r  in tra -m u scu lar  i n j e c t i o n .
Coca, D e lbert  and Menger ( 1 9 2 2 ) ,  s t a t e d
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th a t  r e a c t i o n s  are much more fre q u en t  a f t e r  
in tra v en o u s  i n j e c t i o n  than a f t e r  in tram uscular*
In one s e r i e s  o f  367 c a s e s  the in c id e n c e  was 
9 2 .4 $  a f t e r  in trav en o u s  a d m in is t r a t io n  o f  the  
serum (Boston C i ty  H o s p i t a l ) •
Hecksher ( 1 9 2 6 ) ,  d e a l in g  w i th  a s e r i e s  o f  severe  
c a s e s  o f  d ip h th er ia  co n s id er ed  t h a t  r e a c t i o n s  
were l e s s  f r e q u e n t  w ith  in traven ous  than w i th  
in tram uscu lar  therapy#
Maokenzie and Hangar (1930) could  f in d  no d e f i n i t e  
d i f f e r e n c e  between the  two methods*
Hunt (1932) found th a t  r e a c t i o n s  were more fr e q u e n t  
a f t e r  in tra ven ou s  therapy and th a t  the  r e a c t i o n  
was u s u a l l y  o f  the immediate type*
London County C ounci l  Report (1936) s t a t e d  t h a t  
r e a c t i o n s  may f o l l o w  the a d m in is t r a t io n  by any 
r o u t e ,  but were more f re q u en t  when the serum was 
g iv en  in tr a v en o u s ly *
When c o n s id e r in g  the "pros” and ’’Cons” in co n n e c t io n  
w ith  Intravenous therapy we must bear  in mind two 
p o i n t s  -
(a) In travenous  i n j e c t i o n  i s  u s u a l l y  o n ly  r e s o r t e d
to  when the p a t i e n t  i s  very  111 and r e q u ir e s  
a large  dose o f  serum*
(b) The immediate r e a c t i o n s  may be of  the therm al ,
n o n -a n t lg en ic  t y p e ,  and so should not be
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c l a s s e d  as  serum r e a c t io n s *
C# S ig n s  and Symptoms o f  Serum React ion:
Since  the  I n tr o d u c t io n  o f  c o n c en tr a ted  sera the  
in c id e n c e  of  serum r e a c t i o n s  has d e f i n i t e l y  
dim inished* The v a r io u s  m a n i f e s t a t io n s  o f  serum 
r e a c t i o n  can be c l a s s i f i e d  under the f o l l o w i n g  
h e a d in g s : -
( i )  Prodoraal P e r io d .  The prodomal s i g n s  may come
on a few days b e fo re  the rash  appears .
These s ig n s  a r e ,  u s u a l l y ,  sw e a t in g ,  d r o w s in e s s ,  
o l i g u r i a  (Ronaldson, 1923) and e l e v a t i o n  
o f  temperature -  up t o  106°p/Coca,  1931) •
( i i )  Local  Rash. This  u s u a l l y  appears between the
second t o  the s i x t h  day and before  the g en e ra l  
rash  (Coca, 1931; Bray 1 9 3 7 ) .
( i l l ) G e n e r a l i z e d  Rash.
(a) Day or o n s e t .  Hunt (1932) found th a t  85*8^  
appeared b e fo re  the e le v e n t h  day, the  
average being between the 5 th .  and the  
1 5 th .  day, and the day on which most ra sh es  
appeared was the 9 t h .  day a f t e r  the  
a d m in is t r a t io n  of  the serum.
Coca, D e ibert  and Menger (1922) in  a s e r i e s  
o f  223 c a s e s  found an 80$ in c id e n c e  o f  rashes*  
70$ o f  th ese  appeared between the 1 s t*  and 
the 3 0 th .  day.
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Goodall  (1928) observed ra sh e s  from the  1 s t*  
t o  the  2 9 t h .  day.
Ronaldson (1923) rep o rted  a o i r o i n a t e  rash  which  
appeared on the 33rd .  day 
Goodall  (1932) observed an erythematous r a sh  on 
the  4 0 th .  d8y.
B e lv id e r e  H o s p i ta l  Case Records (1 9 3 0 -3 6 ) :
The days on which most ra sh es  appeared were the  
8 t h .  and 9 t h . ,  ra sh e s  s t i l l  deve loped up t o  the  
1 8 t h .  day, and 98$ o f  r a sh e s  occurred b e fo re  the  
1 3 th .  day.
(b) Types o f  rash* Prom two s e r i e s  r e p o r ted  by
1
Davidson (1919) and Goodall  (1928) the  
p e r c e n ta g e s  a r e : -
M o rb i l l i fo r m ,  16 -  30$ o f  a l l  r a s h e s .
U r t i c a r i a l ,  57 -  7 7 .6 $  , ,  , ,
C i r c i n a t e ,  7 -  12$ , ,  , ,
U r t i c a r i a l  appear f i r s t ,  av e ra g e ,  9th* day* 
M orb i l l i fo rm  , ,  second,  , ,  1 2 th .  , ,
C ir c in a t e  , ,  l a s t ,  , ,  1 4 t h .  , ,
S ta n le y  (1932) rep orted  52$ erythematous r a sh e s  
and 26$ u r t i c a r i a l .
F igu res  from the B e lv id e re  H o sp i ta l :
Diphtheria  Case Reports (1930 -  36) a r e : -
U r t i c a r i a l ,  8 6 .5 $  o f  a l l  r a s h e s ;
Erythematous,  4*7$ , ,  , ,
M o r b i l l i fo r m ,  4 .2 $  , ,  , ,
C i r c i n a t e ,  2 .3 $  , ,  , ,
Polymorphus, 2 . 3 $  , ,  , ,
and f o r  the  time o f  appear a n c e : -
U r t i c a r i a l  appear f i r s t ,  average 8th* day 
Erythematous , ,  second,  , ,  9th* , ,
M orb i l l i form  t h i r d ,  , ,  10th* , ,
Polymorphus , ,  f o u r t h ,  , ,  11th* , ,
C i r e  in a te  , ,  l a s t ,  , ,  12th* , ,
(o) Recurrent R ashes .  These were more oommon
a f t e r  the a d m in is t r a t io n  o f  whole serum*
1
Davidson (1919) found in  h i s  s e r i e s  an
in c id e n c e  o f  3 .6 $  but in  the B e lv id e r e  H o s p i t a l  
Diphtheria  Case Records (1930 -  36) the  
in c id e n c e  i s  1$*
( iv )  A r t h r i t i s *  Fo l low ing  the a d m in is t r a t io n  of  
whole serum an in c id en ce  o f  1 -  3$ has been 
rep orted  and in  14 -  20$ of  a l l  serum r e a c t i o n s  
Coca, D e lbert  and Menger (1 9 2 2 ) ,  r e p o r t in g  upon 
a s e r i e s  o f  223 c a s e s ,  found a r t h r i t i s  in  
36*7$ of  the ca ses*
Bray (1937) observed th a t  the commonest j o i n t s  
to  be a f f e c t e d  were the i n t e r p h a la n g e a l  j o i n t s *  
The p a t i e n t  complains o f  pa in  and t e n d e rn es s  
in  the j o i n t s ,  but s w e l l in g  i s  s l i g h t  or absent  
Boots and Sw if t  (1 9 2 3 ) •  S ix  out o f  ten c a s e s
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which had r e c e i v e d  Type 1 pneumococcal  
a n t i - seru m  in t r a v e n o u s ly  developed  a r t h r i t i s .  
Four of  the p a t i e n t s  had pain  and s w e l l in g  
o f  the k n e e s .  The knee j o i n t s  were 
a s p i r a t e d ,  and in  two o f  the c a s e s  horse  
serum was found in the a s p i r a t e d  f l u i d .
(v)Oedema. This  occurs  u s u a l l y  in  the  l o o s e  
t i s s u e s  o f  the  face  and hands .
1
S tu rtev an t  (1 9 1 6 ) ,  Davidson (1919 ) ,  and 
Mackenzie and Hangar (1930) found t h i s  
in 4 . 8 $ ,  7 - 8 $  and 33$ r e s p e c t i v e l y  o f  
r e a c t i n g  c a s e s .  Oedema in  o ther  r e g io n s  
i s  r a r e ,  but i t  does occur in  the muoous 
membrane o f  the bro n ch i ,  the bowel and the  
o o n ju n ct iv a e  (Davidson,  1919 ; Coca, 1 9 3 1 ) .
(v i )  A d e n i t i s .  Von P irqu et  and Schick (1905)
noted  the presence  o f  an in g u in a l  a d e n i t i s  
on the  s id e  n e a r e s t  the sea t  of  i n j e c t i o n  o f  
the serum. This  u s u a l l y  occurred during the  
f i r s t  7 days f o l lo w in g  the i n j e c t i o n  and 
p r io r  to  the appearance of  the rash ;  as  the  
symptoms o f  the serum r e a c t io n  su b s id ed ,  
so a l s o  d id  the g la n d s .
R o l l e s t o n  (1908) , i n v e s t i g a t i n g  a la rg e  s e r i e s  o f  
d ip h th er ia  c a se s  where the a d e n i t i s  due to  the  
diphtheria had subs ided ,  found a d e n i t i s  due to
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the serum to  occur in 9% o f  o a s e s ,  in  111 
out o f  133 c a s e s  r e p o r t e d ,  the f a u c e s  were 
normal. Most o f  the c a s e s  occurred w i t h i n  
the second week. He rep orted  th a t  serum 
.. a d e n i t i s  i s  more frequ en t  a f t e r  sev ere  
a t t a c k s  o f  d ip h th er ia  than a f t e r  m ild ,  and 
may occur a t  any a g e ,  whereas the l a t e  
a d e n i t i s  of  d ip h th er ia  bears  no r e l a t i o n  to  the  
s e v e r i t y  of the a t t a c k  and i s  c o n f in e d  to  
young c h i l d r e n .
Coca, D©ibert and Menger (1922) observed a 1 9 .5 $  
in c id en ce  o f  a d e n i t i s  in  a s e r i e s  o f  223 c a s e s  
t r e a t e d  at  the H o s p i t a l  o f  the R o c k e f e l l e r  
I n s t i t u t e •
Davidson (19191) gave as h i s  f i n d i n g s  in c id en ce  
o f  a d e n i t i s  f o l l o w in g  the a d m in is t r a t io n  o f  
a nt iserum .
( v i i )  Albuminuria. S tu r te v a n t  (1916) found a
percentage  o f  7 In c a s e s  showing serum 
r e a c t i o n •
Davidson (1919 ) concluded th a t  albuminuria had 
no r e l a t i o n s h i p  w ith  serum d i s e a s e  and 
occurred in  only  *4% o f  r e a c t i o n s  and a f t e r  
the f i r s t  I n j e c t i o n  o f  serum.
Mackenzie and Hangar (1930) are of  the opinion  
tha t  albuminuria a s s o c i a t e d  with  serum
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r e a c t i o n  i s  due to  temporary impairment  
o f  r e n a l  f u n c t i o n ,  during which c h l o r i d e s  
are r e t a in e d  and the volume o f  ur ine  
passed  i s  d im in ish e d .
( v i i i )  Fever* This  occurs In about 30$ o f
r e a c t i o n s  in  c a s e s  t r e a t e d  w ith  whole  
serum. The average temperature i s  
100 -  102°F. and the f e v e r  i s  o f  the  
I n t e r m it t e n t  t y p e .  The h i g h e s t  Inoidenoe  
o f  f e v e r  r e a c t i o n  i s  a s s o c i a t e d  w i th  the  
m o rb i l l i fo rm  and c i r c i n a t e  ty p e s  of  rashes*  
(Davidson 1919 ;^ Mackenzie and Hangar 1930;  
Bray 1937)
(Ix)  Blood Changes.  These are not c h a r a c t e r i s t i c  
and depend a grea t  d e a l  upon the nature o f  
the i l l n e s s .
Von P irqu et  and Schick (1905) found ,  in  
c h i l d r e n ,  a l e u c o c y t o s i s  during the  
Incubation per iod  and a poly-morphonuclear  
leu cop en ia  w ith  the onse t  o f  the symptoms* 
Mackenzie and Hangar (1930) observed In some 
c a s e s  a l e u c o c y t o s i s  and an e o s i n o p h i l i a  
towards the end of  the symptoms.
(x) O r c h i t i s  and Abdominal P a in .
R o l l e s t o n  (1924) quotes  three  c a s e s  from 
French o b s e r v a t i o n s  o f  o r c h i t i s ,  but the
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c o n d i t io n  I s  not a common one .
G oodal l  (1925) r e p o r t s  a c a se  o f  a boy  
of  10 y e a r s ,  s u f f e r i n g  from se v e r e  
d i p h t h e r i a ,  who developed u r t i c a r i a  
on the 1 3 t h .  day a f t e r  serum i n j e c t i o n ,  
abdominal pain and a r t h r i t i s  on the  
1 8 t h .  and 1 9 th .  days ,  and acute  b i l a t e r a l  
o r c h i t i s  on the 2 0 t h .  day. A rec u r re n t  
erythematous rash appeared on the  22nd# 
and 32nd. days .
(x i )  N e u r o lo g ic a l  C o m p l ica t io n s .  These were 
f i r s t  reported  upon by Roux, Martin and 
C h a l l lo n s  a t  the Budapest Medical  
Congress o f  1894.
A l l e n  (1931)•  Reviewing the l i t e r a t u r e  
on t h i s  s u b j e c t ,  he s t a t e s  th a t  over a 
p er iod  o f  40 yea rs  on ly  about 50 o a se s  
have been reported  and th e se  were m ainly  
in French l i t e r a t u r e .  One case  i s  
reported  in  England in  1918 by Dyke. A l l e n
d iv id e d  the c a s e s  in to  four  groups
(a) Rad icu lar  Type -  Erb-Duchenne p a r a l y s i s
o f  acute  o n s e t .
(b) N eurot ic  -  S in g le  nerve trunks a f f e c t e d .
(c) P o ly n e u r i t i c  -  Resembles t o x i c  p o ly ­
n e u r i t i s .
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(d) I n t r a c r a n i a l  -  Probably due t©
Cerebra l  Oedema.
The n e u r i t i s  i s  due t o  oedema o f  the  p e r i ­
n eura l  t i s s u e s  and there  i s  a compress ion  
p a r a l y s i s *  Recovery i s  s lo w ,  but a good  
p r o g n o s i s  can be g i v e n .  ( P o s te r  Kennedy,
1929; Gordon 1932) .
Young ( 1 9 3 2 ) ,  r e p o r t in g  upon 7 o a s e s ,  found  
an a s e p t i o  m e n i n g i t i s  in v o lv in g  the  c e n t r a l  
nervous system.
Wilson and Hadden (1932) d e sc r ib e  s i x  o a se s  
o f  m u l t ip l e  n e u r i t i s  f o l l o w in g  the  
a d m in is t r a t io n  o f  t e ta n u s  and d ip h th er ia  
serum. They found th a t  the upper cord o f  
the b r a c h i a l  p le x u s  was most o f t e n  invo lved*
Doyle (1 9 3 3 ) ,  a n a ly s in g  49 c a s e s ,  found th a t  
34 fo l lo w e d  t e ta n u s  a n t i t o x i n ,  7 d i p h t h e r ia ,
5 s c a r l e t  f e v e r ,  and 3 pneumonia, a n t i - s e r u m .  
44 o f  the c a s e s  were males and 5 were fem ales*  
The average age was 2 7 .  Onset o f  symptoms 
occurred most o f t e n  on the 9 t h .  day a f t e r  
i n j e c t i o n  and about 2 days a f t e r  th e  
r e a c t io n  had been p r e s e n t .
C ath a la ,  G arc ia ,  G abr ie l  and Laplane ( 1 9 3 4 ) ,  
d e sc r ib e  a case  o f  a woman of  25 y ea rs  who 
had had a p r ev io u s  i n j e c t i o n  of  a n t i -
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d i p h t h e r i t i c  serum, and who, on b e in g  
g iv e n  60 c . c ’ s o f  a n t i - s c a r l a t i n a l  serum 
deve loped  r e c u r re n t  u r t i c a r i a  and 
m u lt ip le  n e u r i t i s  on the  1 4 t h . ,  5 7 th .  
and 73rd.  day.
Roger and P a i l l a s  (1936) d e f in e  3 c e r e b r a l  
forms which may occur (a) I s o l a t e d  
p a r a l y s i s  o f  the c r a n i a l  n e r v e s ,  in c lu d in g  
o p t i c  n e u r i t i s ,  (b) Cerebral  symptoms in  
the  course  o f  gen e ra l  p a r a l y s i s  and
(o) I s o l a t e d  encephalopathy  in  the form o f  
h e m ip h leg ia ,  choreiform movements and 
v a r io u s  p s y c h i c a l  symptoms.
( x i i )  Arthus Phenoneraa.
Gatewood and Baldridge (1927) r e p o r t  6 
c a s e s  who had rep eated  i n j e c t i o n s  of  
serum and developed p a in ,  red ness  and 
s w e l l i n g ,  which prog ressed  to  a c t u a l  
n e c r o s i s .  This  I s  more l i a b l e  to  occur  
I f  the r e i n j e c t i o n  I s  g iven  during a serum 
r e a c t i o n  from a p re v io u s  dose o f  serum.
Dudgeon (1927) reported  a s im i la r  case  in  a 
horse s e n s i t i v e  a du lt  who was g iv en  
subcutaneous doses  f o r  porposes  o f  
d e s e n s i t i s a t i o n •
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( x i i i )  Serum A c c i d e n t s .  Severe and f a t a l
r e a c t i o n s  f o l l o w in g  the a d m in is t r a t io n  
o f  serum are r a r e .  They come on 
w it h in  2 - 3  minutes o f  the  g i v i n g  of  
the serum, and i f  death does f o l l o w  i t  
i s  u s u a l l y  w i th in  5 - 1 0  m in u te s .  
According to  Lamson (1924) th e se  severe  
r e a c t i o n s  are most common in  p a t i e n t s  
who have not been s e n s i t i s e d  by a 
p r e v io u s  I n j e c t i o n  o f  serum, but who, 
i f  they  had been t e s t e d  by sk in  t e s t s ,  
would have shown r e a c t i o n  t o  horse  serum.  
Prom a s e r i e s  o f  41 c a s e s  he found th a t  
34$ had a h i s t o r y  o f  asthma or hay f e v e r  
and th a t  1 9 .5 $  had had a p re v io u s  
i n j e c t i o n  of  serum.
Park (1928) has e s t im a te d  the number of  
f a t a l i t i e s  occurr ing  a f t e r  the  
a d m in is tra t io n  of  serum, and be ing  
d i r e o t l y  due to  the serum, to  be 1 In 
5 0 ,0 0 0 .
Ratner ( 1 9 3 0 ) ,  s e n s i t i s e d  guinea p i g s  
by i n h a l a t i o n s  o f  horse dander and 
induced serum shock In the  same 
animals by i n j e c t i n g  them w ith  horse
r. 6 5r«
serum# He thought t h a t  a s i m i l a r  
sequenoe might ocour in man#
Bray (1 9 3 7 ) ,  thought t h a t  the sev ere  
r e a c t i o n s  to  a f i r s t  i n j e c t i o n  o f  serum 
might be caused by the p a t i e n t * s  having  
been s e n s i t i s e d  by l y in g  on h o r s e - h s i r  
beds or c h a i r s .
Walker ( 1 9 1 7 ) ,  proved that  a l thou gh  a person  
may s u f f e r  from asthma i t  did not  
n e c e s s a r i l y  mean th a t  he would e x h i b i t  
s ig n s  of  serum r e a c t i o n  when he was 
i n j e c t e d  w ith  serum. His  f i n d i n g s  were: 
20% o f  a s th m a t ic s  were s e n s i t i v e  to  
horse  p r o t e i n ,  but only  4% r e a c te d  to  
horse  serum.
In man the t r a i n  o f  symptoms in  a l l  c a s e s  
o f  serum r e a c t i o n  which prove f a t a l ,  i s  
remarkably c o n s t a n t .  These are dyspnoea,  
c y a n o s i s ,  r e s t l e s s n e s s ,  coughing and 
extreme a n x i e t y .  These are l a t e r  
f o l l o w e d ,  in  c a s e s  where death comes 
s l o w l y ,  by headache,  u r t i c a r i a  and oedema. 
The a c t u a l  cause o f  death i s  u s u a l l y  
r e s p i r a t o r y  f a i l u r e ,  the heart  co n t in u in g  
to  beat  even a f t e r  r e s p i r a t i o n  has c e a s e d .  
The post mortem f i n d in g s  a r e ,  there  i s
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pulmonary emphysema w i th  enormous 
d i s t e n s i o n  of  the l u n g s ,  d i l a t a t i o n  o f  
the r i g h t  h e a r t ,  g e n e r a l  venous s t a s i s  
and v l s o e r a l  c o n g e s t io n  (Boughton 1919;  
Bullows and J a c o b i ,  1930)•
The m ajor i ty  o f  f a t a l  c a s e s  have f o l lo w e d  
the in traven ous  i n j e c t i o n  o f  serum, but  
t h i s  i s  not always s o .
Boughton (1919) recorded a case  where the  
p a t i e n t  died a f t e r  having r e c e iv e d  o n ly  
one minim o f  horse serum in t r a v e n o u s ly  
as  a d e s e n s i t i s i n g  dose f o r  horse asthma* 
Park and Bolduan (1908) d e sc r ib e  a case  of  
a young man o f  16 yea rs  who r e o e iv e d  h i s  
serum su b c u ta n eo u s ly . There was no 
immediate r e a c t i o n  and the  doctor  l e f t  the  
room. A few minutes l a t e r  he re turned  
to  f i n d  the p a t i e n t  dead,  app a ren t ly  due 
t o  the serum.
Freedman (1935‘L) d e sc r ib e d  a f a t a l  case  in  
an asthm atic  c h i l d  f o l l o w in g  the  
a d m in is t r a t io n  o f  0 .0 5  c . c f s o f  horse  
serum in tr a c u ta n e o u s ly  f o r  d e s e n s i t i s a t i o n  
p u rp o ses .
(x iv )  Severe Serum Shook w ith  Recovery:
Numerous c a se s  have been recorded o f  p a t i e n t s
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who were ,  and o th e r s  who were n o t ,  
s e n s i t i s e d  by p r e v io u s  i n j e c t i o n  o f  
serum; s i m i l a r l y ,  where the p a t i e n t  was ,  
or was n o t ,  a l l e r g i c  t o  horse  serum*
Park and Bolduan (1 9 0 8 ) •  A young man w i th  
a n e g a t iv e  h i s t o r y ,  s u f f e r i n g  from 
d i p h t h e r ia ,  was g iven  5 c . c 1s o f  serum 
subcutaneously*  In about two minutes he 
f e l t  t i n g l i n g  s e n s a t i o n s ,  f a i n t n e s s  and 
a s in k in g  f e e l i n g .  He q u ic k ly  became 
oyanosed ,  had a rapid  p u lse  and then  
passed  i n t o  coma. He was g iv e n  s tr y ch n in e  
and a r t i f i c i a l  r e s p i r a t i o n  and he 
r eo o vered .
Fawcett and Ryle (1 9 2 3 ) •  The p a t i e n t  had 
had a n t i - d i p h t h e r i t i c  serum 19 years  
p r e v i o u s l y .  On be ing  g iv e n  50 o . c f s o f  
a n t i s t r e p t o c o o o a l  serum, he deve loped  
symptoms on the  8 t h .  day. These were 
dyspnoea,  u r t i c a r i a  and oedema o f  the  f a c e .  
Adrenal in  was a d m in is te r e d ,  and the  
symptoms passed  o f f  in 20 minutes*
Dudgeon (1 9 2 7 ) •  A known asthm atic  who was 
s e n s i t i v e  t o  horse serum was g iv e n  0 .2 5  
o . c 1s of  normal horse  serum su b cu ta n eo u s ly .  
Five minutes l a t e r  he developed oedema o f
the f a o e ,  dyspnoea,  c y a n o s i s  and then  
f e l l  in t o  coma. An hour l a t e r  a 
d i f f u s e  m ott led  rash appeared which  
p e r s i s t e d  f o r  12 h ou rs .  The p a t i e n t  
made a complete r e c o v e r y .
D* D e s e n s i t i s a t i o n ;
As I t  i s  known th a t  the a d m in is t r a t io n  o f  sm all  
d oses  o f  serum d e s e n s i t i s e s  animals  and p r e v e n ts  
a n a p h y la x i s ,  I t  was thought tha t  the same 
p r i n c i p l e  could be a p p l ie d  to  man*
Gordon and C resw e l l  (1929) conoluded th a t
d e s e n s i t i s i n g  o f  horse serum s e n s i t i v e  p a t i e n t s  
prevented  immediate r e a c t i o n s ,  but had l i t t l e  
in f lu e n c e  on the development of  l a t e  serum d i s e a s e *  
B a t t l e y  (1931) reported  a case  o f  severe  serum shock 
a f t e r  an i n j e c t i o n  of  serum in a p a t i e n t  who had 
been d e s e n s i t i s e d  17 days p r e v io u s ly *  He 
conoluded that  a lo n g e r  per iod  I s  n e c e s s a r y  f o r  
d e s e n s l t i s a t I o n  than I s  u s u a l l y  a l lowed*
Method o f  D e s e n s i t i s i n g :
D e s e n s i t i s a t i o n  i s  based on the p a r t i t i o n  o f  
the dose and slow a d m in is t r a t io n  o f  the serum.
The ro u t in e  to  be adopted i s :  primary i n j e c t i o n
of  |  o . o .  o f  a drena l in  (1  in 1,000)  and
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atrop ine  su lphate  g r .  / 1 0 0  su bcuta n eo u s ly .
This  i s  fo l low ed  by 0 . 2  o . o ' s  o f  a 1 in  10
d i l u t i o n  o f  the th e r a p e u t io  serum g iven  
su b c u ta n eo u s ly .  I f ,  a f t e r  h a l f - a n - h o u r ,  no 
r e a o t io n  i s  o bserved ,  0*5 o . e ' s  o f  u n d i lu te d  
serum may be g iv en  in t r a m u s c u la r ly ,  and i f ,  
a f t e r  another  h a l f -a n -h o u r  has e l a p s e d ,  no 
r e a c t i o n  has occurred ,  the f u l l  dose of  serum 
may be g iven  in t r a m u s c u la r ly .  I f  r e a c t i o n  
should occur a t  any o f  the s t a g e s ,  the  dose  
should be reduced and the p r o c e s s  cont inu ed  
over a lon g er  per iod  (Bray, 1937; Fleming and 
P e t r i e ,  1934; L.C.C. Report ,  1 9 3 6 ) .
I f  the p r e l im in a ry  i n j e c t i o n  i s  g iven in t o  the  
forearm and a g en e ra l  r e a c t i o n  o c c u r s ,  t h i s  
can be minimized by the a p p l i c a t i o n  of  a 
to u rn iq u e t  t o  the arm. This p r e v e n ts  the  
a n t ig e n s  from e n t e r in g  the g e n e r a l  c i r c u l a t i o n .  
This  method has been used f o l l o w in g  an a c u te  
r e a o t io n  in an a l l e r g i o  in fa n t  who was be ing
o
Schick Tested (Freedman, 1935 ) .
P revent ion  and Treatment o f  Serum R e a c t i o n s ?
(A). P r e v e n t io n .  The serum to  be used must be 
c o n s id e r e d .
E ar ly  o b ser v a t io n s  r ev e a le d  th a t  serum from 
c e r t a i n  horses  was more apt to  cause serum 
r e a c t i o n s  than o t h e r s ,  and a l s o  th a t  f r e s h l y  
drawn serum c a u s e d  r e a c t i o n s  more f r e q u e n t l y
*70,
than th a t  which had been l e f t  f o r  
lo n g e r  per io d s*
Serum s to r ed  in  e x c e s s i v e  o o ld  or heat  
had a l s o  the  same f a u l t .  Nowadays 
serum i s  poo led  from s e v e r a l  h o r s e s ,  i s  
kept f o r  some time b e fo re  use and the  
s torage  temperature i s  c a r e f u l l y  r eg u la te d *
Concentrated serum i s  now g e n e r a l l y  used,  
and t h i s ,  as has been shown, in  consequence  
o f  i t s  lower c o n ten t  o f  n o n - s p e c i f i o  s u b s ta n c e ,  
has l e s s e n e d  the in c id en ce  and s e v e r i t y  o f  
serum r e a c t i o n s .
In qu iry  should always be made from the p a t i e n t  
Ipr  r e l a t i v e s )  f o r  a h i s t o r y  o f  a l l e r g y  or 
p r e v io u s  i n j e c t i o n  of  serum. D e s e n s i t i s a t i o n  
should be c a r r ie d  out I f  a p o s i t i v e  answer I s  
o b ta in ed ,  as t h i s  l e s s e n s  the p o s s i b i l i t y  o f  
the  rare acute  shock in the horse-serum  
s e n s i t i v e  i n d i v i d u a l .
I f  a p a t i e n t  I s  known t o  be s e n s i t i v e  t o  horse  
serum, serum derived  from another  animal  
should be used -  bovine or g o a t .  Certa in  
drugs have a p r e v e n t iv e  a c t i o n : -  
Anderson and Schu ltz  (1 9 1 0 ) •  They found 
tha t  by using a trop ine  s u lp h a te ,  a d r e n a l in  
and choral  hydrate ,  snd i n h a la t io n  o f  oxygen
. 71 .
in a n a p h y la c t ic  animals  who were g iv en  serum,  
th e y  could  reduce the in c id en ce  o f  r e a c t i o n s  
t o  2 8 $ ,  41$ and 43$ r e s p e c t i v e l y .  Park (1913)  
and Bray (1937) both adv ised  the  i n j e c t i o n  o f  
a tr o p in  su lphate  and a d r e n a l in  h yd rooh lor ide  
(1  in  1000) in  known or suspeoted  s e n s i t i v e  
p a t i e n t s •
Arvray ( 1 9 3 3 ) ,  advocated the o r a l  a d m in is t r a t io n  
o f  ephedr^ne c h lo r id e  t a b l e t s  (1 to  3 e g .
acoording to  age) one hour b e fo re  the serum
was g i v e n ,  and every  16 hours f o r  14 days  
t h e r e a f t e r .
Mercier  (1934) • He reduced the  in c id e n c e  o f
r e a c t i o n s  in  a s e r i e s  o f  c a s e s  to  6 $ .  To each
p a t i e n t  he gave an intram uscular  i n j e c t i o n  o f  
camphosulphate and ephedrene.
When serum i s  be ing  g iv en  i n t r a v e n o u s ly ,  i t  
should be hea ted  t o  blood heat  and i n j e c t e d  
very s lo w l y .  I t  may be d i l u t e d  w ith  s a l i n e  
or g l u c o s e ,  and 2 -5  minims o f  a d ren a l in  
hydrochlor ide  added to  i t .
No matter how serum i s  g i v e n ,  ad ren a l in
hydroohloride  (1 in  1000) should always be a t  
hand on the serum t r a y .
B. Treatment:
( i )  Serum Shock. Treatment must be immediate
i72a
t o  r e l i e v e  the  r e s p i r a t o r y  d i s t r e s s *
A r t i f i c i a l  r e s p i r a t i o n ,  i n h a l a t i o n  o f  oxygen 
and carbon d i o x i d e ,  and i n j e c t i o n  o f  a d r e n a l in  
to  reduce the b r o n c h ia l  spasm, have a l l  been  
t r i e d  w i th  s u c c e s s  even where the p a t i e n t  was in
coma (Mavor 1934; Grant and S c o t t ,  1934)•
Hurst (1934) * He recommended an i n i t i a l  dose o f  
2 -3  minims o f  ad r e n a l in  (1 in  1000) f o l lo w e d  
by one minim every  30-60  seco n d s ,  a cco rd in g  to  
the  r e a c t i o n  o f  the p a t i e n t ,  u n t i l  r e c o v er y  
ensued .
( i i )  Serum R e a c t io n .
Acute u r t i c a r i a  and oedema o f  the t i s s u e s
u s u a l l y  respond w e l l  to  i n j e c t i o n  o f  §■ to  1 o . c .
of  a d r e n a l in .  Cool ing a p p l i c a t i o n s ,  such as  
calamine l o t i o n  are welcomed by the p a t i e n t .  
(Curphey and Solomon, 1 9 3 6 ) .  They recommended 
large  doses  o f  ealolum in an a s s i m i l a b l e  form 
(10 to  20 c . c ’ s o f  20$ calc ium g luconate  
in tr a v e n o u s ly  and 10 c . c ! s o f  10$ s o l u t i o n  
in tr a m u sc u la r ly ,  as soon as the rash  appeared -  
the intram uscular  i n j e c t i o n  to  be rep eated  
every  12 hours i f  n e c e s s a r y ) •
Most serum r e a c t i o n s  do not req u ire  more than  
l o c a l  trea tm en t ,  but s a l i c y l a t e s  do help  in
c a ses  o f  a r t h r i t i s .
SUMMARY AND CONCLUSIONS.
The ty p es  o f  serum r e a o t i o n s  occu rr in g  in  man 
are:
(1) Normal -  a f t e r  primary i n j e c t i o n  and a l a t e n t
p er iod  o f  from 7 - 1 5  days*
(2) Abnormal -  in  a s e n s i t i s e d  i n d i v i d u a l ,  which may
be immediate, occurr ing  w i th in  24 hours ,  or  
a c c e l e r a t e d ,  when the l a t e n t  p er iod  I s  
2 - 6  days#
(3) Serum a c c i d e n t s  or serum shock -  the s e v e r e  but
r a r e l y  f a t a l  r e a c t i o n s  which u s u a l l y  oocur  
immediate ly  a f t e r  i n j e c t i o n  in  a horse  serum 
s e n s i t i v e  or a l l e r g i c  person*
The main f a c t o r s  In f lu e n c in g  the in c id en ce  of  
serum r e a c t i o n s  are:
(1) The q u a n t i ty  of  serum g i v e n .
(2) The type o f  serum -  unconcentrated or
c o n c e n tr a te d .
(3) Presence  or absence o f  s e n s i t i v i t y  in the
p a t i e n t  due e i t h e r  to  p r ev iou s  serum 
i n j e c t i o n  or n a tu r a l  horse serum s e n s i t i v i t y *
(4) The method o f  a d m in i s t r a t io n ,  in travenous  or
in tra m u scu la r •
An account has been g iven  o f  the  
m a n i f e s t a t io n s  o f  serum r e a c t i o n  In man and
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t h e i r  i n c i d e n c e .  The q u e s t io n  o f  
d e s e n s i t i s a t i o n  in  man and the p r e v en t io n  
and treatment o f  serum shook and serum 
r e a c t i o n s  has been d i s c u s s e d .
The r e s u l t s  when "Refined” d ip h th e r ia  
a n t i t o x i n  was used are r ep o rted  in  the  next  
s e c t i o n  o f  t h i s  work.
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A n a ly s i s  and Comparison o f  the Ino idenoe  and 
M a n i f e s t a t io n s  o f  Serum React ion  oocurr ing  in  
a S e r i e s  o f  6 ,7 2 0  C on secu t ive  Cases o f  
D iphther ia  t r e a t e d  w ith  o o n centra ted  
Diphther ia  A n t i t o x i n ,  and 1 ,0 0 0  C onsecutive  
Cases o f  D iphther ia  t r e a t e d  w ith  r e f in e d  
Diphtheria  A n t i t o x i n .
A l l  the c a s e s  were t r e a t e d  a t  the B e lv id e re  (C i t y  o f  
Glasgow) Fever H o s p i t a l .  The 6 ,720  r e p r e se n t  a l l  the  
o a se s  o f  d ip h th e r ia  in  the H o sp i ta l  during the y e a r s  1930 
to  1936 i n c l u s i v e .  The 1 ,000  c a s e s  t r e a t e d  w ith  r e f i n e d  
a n t i t o x i n  were in  the H o sp i ta l  during the per iod  August  
1937 t o  A p r i l  1939.
D e f i n i t i o n  o f  R e a c t i o n s .
For the purpose o f  t h i s  a n a l y s i s ,  serum r e a c t i o n  i s  
in t e r p r e t e d  as in c lu d in g  any r e a c t io n  which may be 
a t t r i b u t e d  to  the  I n j e c t e d  serum, apart  from the immediate  
thermal r e a c t i o n  a f t e r  in traven ous  thera p y .
Serum r e a c t i o n s  are th e r e fo r e  d iv id e d  i n t o : -
(1) Local  r e a c t io n  where the rash i s  l i m i t e d  to  the
s i t e  o f  serum i n j e c t i o n .
(2) General  r e a c t io n  ; r e s u l t s  o f  r e a c t io n  due to
c i r c u l a t i n g  serum, in c lu d in g  rash e s  occu rr in g  
8part from the s i t e  o f  i n j e c t i o n  and symptoms 
such as f e v e r ,  oedema and a r t h r i t i s ,  which may 
occur in  the  absence of  a r a sh .
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A n a ly s i s  o f  Serum R e a o t lo n s .
Concentrated
Serum
T o ta l  Number o f  C a s e s .....................  6 ,7 2 0
T o ta l  Number w ith  no Serum
R e a c t i o n . . . . . .  6 ,0 5 0
Tota l  Number w ith  Serum
R e a c t i o n . . . . . .  670
P ercentage  o f  Serum R e a c t i o n s . .  9 . 9
General  Serum R e a c t i o n ..................   594 = 8 . 8 $
Local  R eact ion  o n l y .................................  76 = 1 .1 #
Refined
Serum
1 , 0 0 0
976
24 
2 .4  
19 = 1 . 9 #  
5 = 0 . 5 #
The main f a c t  der iv ed  from the above t a b le  
i s  the  d e f i n i t e  red u c t io n  in the in c id en ce  o f  serum 
r e a c t i o n  from 9 . 9 #  to  2 . 4 # .
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D e t a i l e d  A n a ly s i s  o f  the In c id en ce  of  
Serum R e a c t io n s  in 6 ,7 2 0  Cases o f  D iphther ia  
Treated  w i th  Concentrated Serum, and o f  1 ,0 0 0  
e s s e s  o f  D iphther ia  t r e a t e d  w ith  R ef ined  A n t i t o x i n .
Concentrated Serum.
Age Sex T o ta l ..SSrJML R eact ion ______ .-G enere l^Q rum ^Beasi ipn ___
Group Cases Number Percentage Number P ercentage
0- 6 M 953 69 7 .2 61 6 .4
F 982 72 7 .3 62 6 . 3
6-10 M 780 189 2 4 .2 176 2 2 .5
F 1068 158 14 .8 146 1 3 .7
11-20 M 785 47 6 .0 40 5 .1
F 1112 83 7 . 5 74 6 .7
21-30 M 149 17 11 .4 10 6 .6
F. 449 22 4 .9 16 3 . 5
31-40 M 138 6 4 .3 4 2 . 9
F 281 7 2 .4 5 1 . 7
41-60 M 12 - - - -
F 10 - - - -
51-60 M 1 - - - -
F
, ________ .. -
Refined  Serum.
Age
Group
Sex T o ta l  
Ca ses
Serum Reaction General Serum R eact ion
Number Percentage Number * Percentage
0- 5 M 93 2 2 .2
i
2 ! 2 . 2
F 98 1 1 . 0 1 j 1 .0
6-10 M 247 7 2 . 8 5 * 2 . 0
F 197 3 1 .5 2 1 .0
11-20 M 130 4 3 .1 3 ‘ 2 . 3
F 109 3 2 . 7 2 » 1 .8
21-30 M 42 2 4 .7 2 ! 4 .7
F 29 1 3 .4 1 J 3 .4
31-40 M 15 1 6 .7 1 • 6 . 7
F 12 - - i
41-50 M 20 - - i _
F 3 - - i
51-60 M 5 - -
F
:
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With c o n c en tr a ted  serum the in c id e n c e  o f  r e a c t i o n  
i s  h i g h e s t  in the 6-10  age group, and t h e r e a f t e r  d im in i sh e s  
w ith  a g e ,  e x c e p t  f o r  the 21-30  group (male) where th e re  i s  a 
sharp r i s e .  In the r e f i n e d  s e r i e s  th ere  i s  a gradual  i n c r e a s e  
in  in c id en ce  w ith  a g e ,  but a f t e r  40 no r e a c t i o n s  were o b served .  
With both sera, males would appear to  have a h igh er  in c id en ce  
o f  r e a c t i o n s  than f e m a le s .
A comparison i s  drawn between the in c id en ce  o f  serum 
- r e a c t i o n s  c o r r e l a t e d  w ith  the dosage o f  serum a d m in is t e r e d .
Up TO 8,000  UNITS 
Concentrated Serum.
Age Sex Tota l —  Serum-BSSS±J.0D_____
Group Cases Number Percentage Number P ercentage
0 -  5 M 357 15 4 .2 12 3 . 3
P 376 17 4 .5 11 2 .9
6-10 M 271 31 11.4 27 9 . 9
P 397 26 6 . 5 23 5 .8
11-20 M 246 7 2 . 8 5 2 .3
P 406 11 2 .7 8 1 .9
21-30 M 39 4 1 0 .2 3 7 . 7
P 107 3 2 . 8 2 1 .8
31-40 M 47 1 2 . 1 1 2 . 1
P 99 1 1 .0 1 1 . 0
41-50 M 6 - - - -
P 5 - - - -
51-60 M 1 - - - -
i'
F
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UP TO 8 ,0 0 0  UNITS
R ef in ed  Serum.
Age Sex T o ta l __Sfirum _ffiactiD n ________ - G e n e ra l .  Serum - Base t i o n —
Group Gases Number !Percentage Number Percentage
0-  5 M 21
ti
F 25 i - -
6 -10 M 94 - -
P 61 i - -
11-20 M 27 _  i “ - -
P 24 - -
21-30 M 11 i - -
P 9 i - -
31-40 M 6 - -
P 3 t - -
41-50 MT71 4
-  J - - -
51-60
r
M 5 i _ - -
F ’  i i
The f e e t  t h a t  no r e a c t i o n s  were observed in  
any p a t i e n t s  who r e c e i v e d  8 ,0 0 0  u n i t s  or l e s s  o f  r e f i n e d  serum,  
w h ile  r e a c t i o n s  were f a i r l y  common a f t e r  i n j e c t i o n  o f  
c oncen tra ted  serum, i s  the  most n o tab le  f e a t u r e  o f  the  t a b l e s ,  
and i s  probably  due to  the p a t i e n t s  who were g iv e n  r e f i n e d  
a n t i t o x i n  r e c e i v i n g  on ly  very  minute q u a n t i t i e s  o f  n o n - s p e c i f i c  
p r o t e i n .  Prom t h e s e  t a b l e s  i t  i s  seen th a t  th e  r e a c t i o n
r a t e  in  males i s  s l i g h t l y  h ig h er  than in  f e m a l e s .
B.
.8 0 ,
UP TO 4 0 ,00 0  UNITS
Concentrated Serum.r " 1 ■
Age
___Serum'Reaction______ . .G en er a l .S er u m .R ea c t io n .
Sex T o ta l Number Percentage Number Percentage
Group Ca se s
toio M 501 39 7 .8 37 7 .4
P 451 38 8 .4 37 8 .2
6 -1 0 M 349 106 3 0 .4 102 2 9 .2
P 481 89 1 8 .3 84 17 .4
11-20 M 401 30 7 .5 27 6 . 7
P 472 52 1 1 .0 49 10*4
21-30 M 89 9 1 0 .1 5 5 .6
P 232 12 5 .2 9 3 .6
31-40 M 52 3 5 .7 2 3 . 8
P 94 4 4 .2 3 3 .2
41- 50 M 3 - - - -
P 3 - - - -
51-60 M - - - - -
P
UP TO 4 0 jOOP UNITS
Refined Serum.
Age
Group
■ -
Sex T o ta l  
Ca se s
.Ssrnm.
Number
Essf ition______
Percentage
.G sB sral.Ssrnm .B ssfition ..
Number P e r c e n ta g e .
0- 5 M 42 1 2 .4 1 2 .4
P 44 - - - -
6 -1 0 M 89 3 3 .4 1 1 .2
F 72 1 1 .4 - -
11-20 M 65 2 3 .1 1 1 .5
P 43 1 2 .4 - -
21-30 M 17 1 5 .8 1 5 .8
P 11 - - - -
31-40 M 6 - - - -
P 5 - - - -
41-50 M 12 - - - -
P 3 - — — -
51-60 M - — — — -
P
L.......- ............. .... •
The percentage o f  serum r e a c t i o n s  fo l lo w in g  the
a d m in is t r a t io n  of  r e f i n e d  serum i s  very much lower than that
81
f o l l o w i n g  the i n j e c t i o n  o f  concen tra ted  serum, and the  
percen ta ge  w ith  doses  o f  8000 u n i t s  or l e s s  o f  c o n c en tr a ted  
serum i s  h ig h er  than th a t  when the l a r g e s t  dose o f  r e f i n e d  
a n t i t o x i n  g iv en ,  was 40 ,000  u n i t s .  With both sera males have 
the  s l i g h t l y  h igh er  r a t e ,  and the r a te  i s  h i g h e s t  in  the  
6-10  y e a r s  group w i th  co n c en tr a ted ,  and in  the 21-30  y ea rs  
(male) group w ith  r e f i n e d  serum. The Incidence o f  r e a c t i o n s  
w ith  c o n c en tra ted  serum has increased  w ith  the  in c r e a se  in the  
dose o f  serum g iv e n .
C. 40 ,000  UNITS OR OVER
Concentrated Serum.
Age Sex Tota l ________ l _ £ § r y 2LB§§£t Ion.
Group Ca se s Number Percentage Number Percentage
0 -  6 M 95 15 15 .8 12 1 2 .6
F 155 17 10 .9 14 9 . 0
6 -10 M 160 52 3 2 .5 47 2 9 .3
P 190 43 2 2 .6 39 2 0 .8
11-20 M 138 10 7 .2 8 5 .7
P 234 20 8 .8 17 7 .6
2 1 -3 0 M 21 4 19 .0 2 9 . 5
P 110 7 6 .4 5 4 . 5
31-40 M 39 2 5 .1 1 2 .6
P 88 2 2 .3 1 1 .2
41-50 M 3 - - — —
P 2 - — —
51-60 M - - - — —>
P
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4 0 , 0 0 0  UNITS OR OVER
Age Sex T o ta l
-> 4. J .U Q U  UU1 •
___Serum_Reactions__ .Genera1_Serum_Reactiogs
Group Cases Number iP ercen tage Number Percentage
0- 5 
6-10  
11-20  
21-30  
31-40  
41-60
M
F
M
F
M
F
M
F
M
F
M
30
29
64
64
38
42
14
9
3
4 
4
1 i 3 .3
1 ! 3 .4  
4 J 6 .3
2 i 3 . 1  
2 ! 5 .2  
2 j 4 . 7  
1 i 7 . 1
1 i 1 1 .1
1 J 3 3 .3
1
1
1
__ |
1
1
4
2
2
2
1
1
1
3 . 3  
3*4
6 .3
3 . 1  
5*2 
4 . 7
7 .1  
1 1 .1  
3 3 .3
51-60
r
M - 11 - —
F 111
— .- n .  , ---------------------f -  ---------------------.1
'
Again the inc id en ce  r a te  i s  on the upgrade with both  
sera* Males aga in  have the h igher  inc id en ce*  Using con cen tra ted  
serum the age group 6-10 has the h ig h e s t  percentage  o f  r e a c t i o n s ,  
but w i th  r e f i n e d  serum i t  i s  the 31-40 (male) group which i s  
h ig h e s t*
(1) Sex*
FACTORS INFLUENCING THE INCIDENCE OF SERUM 
________________ REACTIONS*_______________
Concentrated Serum.
Sex Total
Number
_.5srUBL
Number
BsSfitiPB_____
Percentage Number J Percentage
M
F
2,818
3 ,902
328
342
11 .6
8 .6
291 ! 10 .3  
303 | 7 .8
Refined Serum.
Sex T ota l
Number
-Sernm-
Number
Beaction____
Percentage
- - Ge ne ra 1- Se rum.Reaction-,  
Number ! Percentage
M
F
552
448
16
8
2 .9
1 .8
13 | 2 .3  
6 * 1 .3
With both sera males have much the h igher  r a t e ,  the
83.
d i f f e r e n c e  be ing  more marked with r e f i n e d  serum than with  
co n c en tr a ted  -  66*6$ and 48*9$ r e s p e c t i v e l y *
(2) A£®
Concentrated Serum*
Age Group Number o f  Cases __ot ions_
T o ta l  % [General %
0- 5 1 ,935 7 .3  ! 6 .3
6-10 1,848 18 .7  ! 17 .3
11-20 1,897 6 . 8  [ 6 . 0
21-30 598 6 . 5  J 4 .3
31-40 419 3 .1  ! 2 .1
41-60 22 - J -
61-60 1 i
Refined Serum
Age Group Number o f  Cases . __S© ;rum_R©a c t  i o n s __
Tota1 % | General $
0-  5 191 1 .6  ; 1 . 6
6 -10 444 2 .3  i 1 .6
11-20 239 2 . 9  | 2 . 1
21-30 71 4 .2  J 4 .2
31- 40 27 3 .7  i 3 .7
41-50 23 — i
51-60 5 ------------ —  .. *~
Using concentrated  serum the percentage  in c id en ce  
o f  r e a c t i o n s  f l u c t u a t e s  from age group to  age group,  be ing  
h i g h e s t  in  the 6 -10  group and f a l l i n g  suddenly over the age  
o f  30* With r e f i n e d  serum the percentage  in c id e n c e  i s  s t e a d i l y  
p r o g r e s s iv e  up to  the 31-40 group, when i t  f a l l s  s l i g h t l y ,  and 
over  40 no r e a c t io n s  were recorded .
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(3) Dosage of  Serum.
Concentrated Serum.
Dosage
(U nits )
Serum React ions Ma le
%
Female 
*
T o ta l
%
8 ,0 0 0 T ota l 5 .9 4 . 1 5 .0
General 4 .9 3 .2 3 .9
8 -4 0 ,0 0 0 T o ta l 13 .4 1 1 .2 1 2 .2
General 1 2 .7 1 0 .4 1 1 .4
Over 4 0 ,000 T ota l 1 8 .2 1 1 .2 1 4 .0
General
i
14 .3 9 . 7 1 1 .9
Refined Serum.
Dosage
(Units )
Serum R eact ions Male
$
Female
$
T ota l
8 ,0 0 0 T ota l
General - - -
8 -4 0 ,0 0 0 T ota l 3 .0 1 . 1 2 .0 5
General 1 .7 - 0 .8 5
Over 4 0 ,000 Total 5 .9 4 .0 4 .9 5
General 5 .9 4 .0 4 .9 5
These t a b l e s  show th a t  as we i n c r e a s e  the dose 
o f  serum the percentage in c id en ce  o f  serum r e a c t i o n  
i n c r e a s e s ,  and that  the r a te  i s  h igher  f o r  males than 
f o r  f e m a le s .  This conc lu s ion  holds f o r  both r e f i n e d  
and concen tra ted  a n t i s e r a .
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(4) In travenou s  I n j e c t i o n  o f  the Serum:
_______________________Concentrated Serum.
Number o f __§§r^BLg§8c;t?ion_______ _ _ General_§erutp_g§ast i£Q_._
Ca s e s . Number ! Percentage Number ! P ercentage
476
i .. ...........
91 ! 19 .1 72
—J "  ■ 
! 1 5 .1
759 81 ! 1 0 .7
i
...........  -mi ... . .. -  . ---- -------
74 ! 9 .7
i
Refined Serum.
Number o f  
Ca se s
--SemiLjBsactiPz?_____
Number i Percentage
___
Number i Percentage
150 in trav en ou s 5 ! 3 .3 5 ! 3 .3
( in tr a v en o u s «| ii
25G( and 16 i 8 .0 14 i 5 .6
( intram uscular ii ii
600 in tram uscular 3 » 0 .5i i
With concentrated  serum none of the ca ses  r e c e iv e d  
the serum by intravenous  i n j e c t i o n  a l o n e .  476 o a se s  
r e c e i v e d  a combined intravenous and intram uscular  i n j e c t i o n ,  
and a l l  o f  these  c a s e s  had over 40 ,000 u n i t s  of  serum. In 
th e  t a b l e s  above,  w ith  concen tra ted  serum the comparison i s  
made w ith  the c a se s  who r e c e iv e d  the serum by combined 
in tram uscular  and in travenous  i n j e c t i o n  and the c a s e s  who 
r e c e i v e d  over 40 ,000 u n i t s  o f  serum in tr a m u sc u la r ly .  With 
r e f i n e d  serum the t a b le  i s  s e l f - e x p l a n a t o r y .
I t  i s  seen  th a t  with concentrated  serum the percentage  
o f  r e a c t i o n s  i s  h igher  where the part  o f  the serum was g iv e n  
in t r a v e n o u s l y ,  but t h i s  f i g u r e  i s  much h igh er  than f o r  the  
same group in the r e f in e d  serum t a b l e .  In the l a t t e r  ta b le  
i t  i s  seen that  the in c id en ce  o f  r e a c t i o n s  i s  low est  where 
the serum was given in tra m u sc u la r ly ,  h ig h e s t  when g iven  by
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the  combined method, and that  in travenous  therapy  
o c c u p ie s  the in term edia te  p l a c e .  The p a t i e n t s  in  the  
in tra m u sc u la r - in tra v e n o u s  group were the most s e r i o u s l y  
i l l ,  and so r e c e iv e d  most serum, and t h i s  probably a c co u n ts  
f o r  the h igh er  serum r e a c t io n  r a t e .
(5) Y early  V a r i a t i o n s :
Year No. o f  
Ca ses
Serum
Reaction
General Serum 
Reaction
No. w i th  
P rev iou s
P ercentage  
Over 20,000  
U n i t s .No. i No. % Serum
1930
1931
1932
1933
1934
1935
1936
1,177
929
952
837
1,054
962
809
118
92
97
85
101
99
78
10 .0
9 .9
10 .2
10 .1
9 .5
10.3
9 .7
107
79
88
72
89
90 
69
9 .1
8 .5
9 .2
8 .6
8 .5
9 .3
8 .5
121 ( 1 0 $  
93 ( 1 0 $  
9 8 ( 1 0 . 3 $  
8 5 ( 1 0 . 1 $  
101( 9 . 5 $  
9 9 ( 1 0 . 3 $  
77( 9 . 5 $
5 2 1 (4 4 .1 )  
417(44 .8 )  
435(4 5 .7 )  
3 9 1 (4 5 .5 )  
416(39 .3 )  
4 19(44 .6 )  
365(45 .1 )
Tota l  • 6 ,720 670 9 .9 594 8 .8 674 ( 1 0 $ 2,964(44.3)
Cases  
t r e a t e d  
w ith  
r e f i n e d  
a n t i t o x i n . 
Aug.1937-  
A p r i l  193S . 1 ,000 24 2 .4 19 1 .9 1 1 6 ( 1 1 . 6 $ 650(65 .0 )
From the t a b le  i t  i s  seen that  the  percentage  
r a te  v a r i e s  l i t t l e  from year to  y e a r .  The s l i g h t  i n c r e a s e s  
are e i t h e r  a s s o c i a t e d  w ith  an in crea sed  percentage  of  
p r e v io u s  e s s e s  who had been s e n s i t i s e d  to  serum or with  a 
high in c id en ce  of p a t i e n t s  who had r e c e iv e d  la rg e  doses
o f  serum.
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(6) P r e v io u s  I n j e c t i o n  o f  Serum:
(a) Concentrated Serums
Of 6 ,7 2 0  o a ses  t r e a t e d ,  674 had r e c e iv e d  p r e v io u s  serum = 1 0 .0 $  
Of 6 ,0 6 0  c a s e s  w ith  no serum r e a c t i o n ,  628 had r e c e i v e d
p r e v io u s  serum.................................................................................. = 8*7$
Of 670 c a s e s  w i th  serum r e a c t i o n ,  146 had r e c e i v e d
p r e v io u s  serum................................................................................. * 2 1 . 6 $
Of 594 o a se s  w ith  gen e ra l  serum r e a c t i o n ,  132 had
r e c e iv e d  p r ev iou s  serum = 2 2 .2 $
(b) R ef ined  Serum:
Of 1 ,0 0 0  c a s e s  t r e a t e d ,  116 had r e c e i v e d  p r e v io u s  serum = 1 1 .6 $  
Of 976 o a s e s  t r e a te d  with  no serum r e a c t i o n ,  113 had
r e c e i v e d  p re v io u s  serum = 1 1 .5 $
Of 24 c a s e s  w i th  serum r e a c t i o n ,  3 had r e c e iv e d
p r e v io u s  serum     -  1 2 .5 $
Of 19 c a s e s  w i th  g e n e r a l  serum r e a c t i o n ,  3 had
r e c e iv e d  p r ev io u s  serum = 1 5 .8 $
Concentrated Serum
Tlwrifi T ota l
Treated
Serum Re a c t  ion General Serum Reaotion
o f  Case Number Percentage Number P ercentage
No
p r e v io u s
serum. 6 ,0 4 6 524 8 .6 462 7 .6
P r e v io u s
serum. 674 146 2 1 .6 132 1 9 .5
Combined
Group 6 ,7 20 670 9 .9 594 8 .8
R efined  Serum.
Type 
of  Case
Tota l
Treated
Serum Reaction  
Number j Percentage
General Serum Reaotion  
Number « Percentage
No
p r e v io u s
serum. 884
iii
21 | 2 .4  
|
16 1 .8
P re v io u s
serum. 116
1
3 | 2 . 6
i
3 2 .6
Combined
Group 1,000
11
24 ! 2 .4
i
19 1 .9
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C o n clu s ion s:
• 90 .
The e f f e o t  o f  prev io u s  i n j e c t i o n  o f  serum 
i s  i l l u s t r a t e d  in  the fo r e g o in g  t a b le s *  P a t i e n t s  who 
have had a p r e v io u s  i n j e c t i o n  of serum, a r e ,  w i th  
c o n c en tra ted  serum tw o-an d-a -haIf  t im es as l i a b l e  to  
deve lop  serum r e a c t io n  as  those  r e c e i v in g  a f i r s t  
i n j e c t i o n .  Using r e f in e d  serum, t h i s  l i a b i l i t y  i s  
reduoed to  1 .4  t im e s .  With both sera the high  
dosage o f  serum, c o r r e la t e d  with previous  i n j e c t i o n  
o f  serum, g i v e s  the h ig h e s t  r e a c t io n  r a t e ,  but the  
d i f f e r e n c e  between the inc id en ce  a f t e r  the i n j e c t i o n  
o f  a second dose of  concentrated  and of r e f i n e d  serum i s  
marked, being 2 1 .6 $  and 5 .2 $  r e s p e c t i v e l y .  With no 
p r e v io u s  i n j e c t i o n  of  serum, as the dosage i n c r e a s e s ,  
so does the percentage  inc idence  o f  serum r e a c t i o n s ;  
w ith  co ncen tra ted  serum i t  r i s e s  from 2 . 9 $ ,  to  1 0 .6 $ ,  
and w ith  r e f i n e d  serum from 0 to  4 . 9 $ .
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SERUM REACTIONS*
An s o c o u n t  i s  g i v e n  o f  t h e  i n c u b a t i o n  p e r i o d ,  d u r a t i o n  
end m a n i f e s t a t i o n s  o f  t h e  serum r e a c t i o n s  wh ich  o c c u r  a f t e r  
c o n c e n t r a t e d  and r e f i n e d  s e r a  have been  i n j e c t e d .
(a)  I n c u b a t i o n  P e r i o d .
Day
o f
Occurrence
Concentrated Serum 
Length of  Incubation Per iod  
Number of  C a ses .
Refined Serum 
Length of  Incubat ion  
Number of C ases .
Period
No
Prev iou s
Serum
Prev ious
Serum
T o ta l No
Previous
Serum
Previous
Serum
Total
1 8 14 22 3 1 4
2 8 10 18 1 - 1
3 9 18 27 3 - 3
4 21 19 40 1 1 2
5 40 29 69 2 1 3
6 51 40 91 5 - 5
7 61 11 72 3 - 3
8 91 4 95 3 - 3
9 94 1 95 - - -
10 92 - 92 - ■ - -
11 29 - 29 - •» j*
12 11 - 11 - - -
13 2 - 2 - - -
14 1 - 1 - - -
15 2 - 2 - - -
16 2 - 2 - - —
17 1 - 1 - - —
18 1 - 1 - ■ - -
T o t a l . 524 146 670 21 3 24
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Summary of Occurrence of  
General  Serum R e a ct io n .
Concentrated Serum.
Type o f  
Case
No. of  
Ca ses
Highest  
$ Of 
R eact ions
3- Day 
Group 
of  
Highest  
$ of  
R eact ions
Length o f  In cubat ion P e r io d .
Less
than
6-Days
'6-12
Days
incL
13-18
Days
i n c l .
19 Days 
and 
Over •
No
P r e v io u s
Serum 524
9 t h .
Da^1 7 .9 $
8 - 10th .
Day ,5 2 .8 $
86=
1 6 .4 #
429=
8 1 .8 #
9=
1 . 8 #
P r e v io u s
Serum 146
6 t h .
Day
2 7 .4 $
4 - 6 t h .
D855 8 .8 $
90=
6 1 .7 #
56=
3 8 .3 # - -
T o ta l 670 176= 
26 .3#
485=
7 2 .4 #
---------------
9=
1 .3 # -
Refined Serum.
Type o f  
Ca se
No. of  
Ca ses
Highest  
#  of  
R eact ions
3-Day 
Group 
of  
Highest  
#  of  
Reactions
Length of  Incubation P e r io d .
Less
than
6-Days
6-12  
Days 
i n c l .
13-18
Days 
i n c l  •
19 Days 
and 
Over.
No
P re v io u s
Serum 21
6 th .
£>ay .
26.3;#
6 - 8 t h .
Day
5 7 .8 $
10=
4 7 .6 #
11=
5 2 .4 # - . .
P re v io u s
Serum.
3
1,4  & 
5 th .  
Day 
3 3 .3 #
4 th .  & 
5 th .  
Day 
6 6 .6 $
3=
100# - - -
T o ta l 24 13=5 4 .2 # 45^8® -
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Prom the fo re g o in g  t a b l e s  i t  i s  seen that  w ith  
c o n c en tr a ted  serum the 8 t h .  and 9 t h .  day are the  days on 
which most serum r e a c t i o n s  appear, but f o r  r e f in e d  serum 
i t  i s  the  6 t h .  day. Using concentrated  snd r e f i n e d  
sera the  m ajor i ty  of  r e a c t i o n s  appear in  n o n - s e n s i t i s e d  
peo p le  between the 5 th .  -  11th .  day and the 3rd .  -  8 t h .  
day r e s p e c t i v e l y ,  and w i th  both sera between the day o f  
i n j e c t i o n  and the 6 t h .  day in s e n s i t i s e d  p e o p le .  A 
p r e v io u s  i n j e o t i o n  o f  serum appears to hasten the o n s e t  
o f  the serum r e a c t i o n .
Immediate and A c ce lera ted  R e a c t io n s .
An immediate r e a c t i o n  i s  one occurring w i th in  24 
hours o f  i n j e c t i o n  with  the serum, and an a c c e le r a t e d  
r e a c t i o n  i s  one occurring between the 2nd. and 7 t h .  days 
(Von P irq u et  and Schick ,  1905) •
The fo l lo w in g  t a b l e s  show the number of  th e se  ty p e s  o f  
r e a c t i o n  occurr ing  a f t e r  the a d m in is tra t io n  of  concen tra ted  
serum, compared with those  where r e f in e d  serum was used .
Concentrated Serum.
Type of  
R e a c t i o n .
No .Previous Serum Previous  Serum
*.....  ........
Total  •
No. « a No. % o • %
Immediate 
w ith in  24
••
hours 8
1
! 1 .5  1 14 9 .5 22 3 .3
A c c e le r a te d :  
2 n d . - 7 t h .  Day. 190 ; 36 .2 127 8 6 .9 317 47 .3
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Refined Serum.
Type o f  
R e a c t i o n • No P rev iou s  Serum Previous Serum T o t a l .
No. 4/°
r 
j
iii 
•
l 
o 
I S3
i1L
%
ii 
•
1 o
I 
£5 
i
i
Immediate
w i th in  24
h o u r s • 3 15 .8 1 20 4 1 6 .6
A c c e le r a te d :
2 n d . - 7 t h . ,
Day 13 68.4 4 80 17
A f te r  the p a t i e n t  has been s e n s i t i s e d  by a p re v io u s  
i n j e c t i o n  o f  serum the percentage of both immediate and 
a c c e l e r a t e d  r e a c t i o n s  i n c r e a s e s .  This i s  true  f o r  both  
s e r a .  I t  i s  a l s o  seen that  with r e f in e d  serum in  both  
n o n - s e n s i t i s e d  and s e n s i t i s e d  p a t i e n t s  the m ajority  o f  
r e a c t i o n s  are o f  the a c c e le r a te d  ty p e .  With c oncen tra ted  
serum, in  n o n - s e n s i t i s e d  p a t i e n t s  the percentage  of  
a c c e l e r a t e d  r e a c t io n s  i s  3 6 .2 ,  whereas in s e n s i t i s e d  
p a t i e n t s  i t  r i s e s  to  8 6 .9 .
Duration o f  Serum R e a c t io n s .
In the t a b le s  below a comparison i s  drawn between 
the  du rat ion  of  the r e a c t io n s  which fo l lo w ed  the  
a d m in is t r a t io n  o f  the two types  o f  serum.
.9 5 .
CONCENTRATED SERUM
Duration  
in  
D a y s .
No Prev ious  Serum .. P rev ious  Serum Combined T o t a l .
No. | fo 
• No. % No. ! %...... \ .......
1
i
156 1 2 9 .7 17 11 .8
i
173 ! 2 5 .8
2 107 ' 20 .4 29 19 .8 136 » 2 0 .3
3 121 i 2 3 .1 18 12 .3 139 « 2 0 .8
4 41 ! 7 .8 19 1 3 .0 60 8 . 9
5 43 ! 8 .2 17 11 .8 60 | 8 . 9
6 29 i 5 .5 16 10 .9 45 » 6 . 8
7 17 | 3 .3 15 10 .2 32 | 4 . 7
8 8 ; 1 .6 10 6 .8 18 J 2 . 7
9 2 . .4t . . . . . . . . . . 5 3 .4 7 i 1 .1i ...........
T o ta l
»
524 1 100 .0
ii
146 100 .0
»
670 ! 100 .0i
REFINED SERUM.
Duration No P rev ious  Serum. Previous  Serum Combined T o t a l .
in  
Days. No. ; % No. i S2
5 o • L—_____v. , .... —i —
1 2 ! 9 .5 1 3 3 .3 3 ! 1 2 .5
2 4 ! 19 .1 - - 4 1 6 .7
9 ’ 42 .9 1 33 .3 10 | 4 1 .7
4 2 ! 9 .5 1 33 .3 3 ! 1 2 .5
5 2 ! 9 .5 - - 2 1 8 .3
6 2 ! 9 .5 - - 2 J 8 .3
7 — i
8
9 11
ii..... . T---- - 1
T o ta l 21 ! 100.0 3 100 .0 24 ! 100 .01 . . . . .  .. ------------------- j
i
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Part o f  the serum in some of  the c a s e s ,  was 
a d m in is tered  by intravenous in j e c t i o n *
Duration
in
Days.
Concentrated R e f in e d .
No. ! $  
» No. ! %i
1 7 ! 7 .7 2 ! 9 . 5
2 15 ! 16 .5 4 ! 1 9 .1
3 18 J 1 9 .7 9 [ 42 .9
4 22 ' 24 .2 2 i 9 . 5
5 26 ! 2 8 .6 2 ! 9 . 5
6 2 ; 2 .2 2 | 9 .5
7 1 < 1 .1
8 i i
T o ta l
i
91 J 100
i
»
21 ! 100 
1
-  - i ..........................................  -  - .
C onclus ions*
Prom the data g iv e n  i t  i s  seen that  the e f f e c t s  o f  
serum r e a c t i o n  in  n o n - s e n s i t i v e  p a t i e n t s  has in  73$ of  o a se s  
( c o n ce n tr a ted  serum) passed o f f  in 3 days ,  and th a t  the 
e f f e c t  o f  a l l  serum r e a c t i o n s  has passed o f f  w i th in  9 days .
In s e n s i t i s e d  p a t i e n t s  the e f f e c t  l a s t e d  longer  in frhe 
m a jo r i ty  o f  c a s e s ,  but they too had a l l  recovered w i th in  9 
d a y s .  Using r e f in e d  serum, i t  i s  seen th a t  in  n o n - s e n s i t i s e d  
p a t i e n t s  the e f f e c t s  o f  serum r e a c t io n  have passed o f f  in 
3 days in 71$ o f  e s s e s ,  and a l l  were b e t t e r  by the end o f  the  
6 t h .  day.  In the s e n s i t i s e d  p a t i e n t s  in  t h i s  group a l l  had
f u l l y  recovered  by the 4 th .  day.
Where the serum was g iven in t r a v e n o u s ly ,  the  
du rat ion  of  the r e a c t io n  tended to be prolonged,  but t h i s  was
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probably  due ( e s p e c i a l l y  w i th  the concentrated  serum 
c a se s )  t o  large  doses  of  serum having been g i v e n .
TYPES OF HASHES.
The three  main types which occur in serum r e a o t io n s  
are u r t i c a r i a l ,  erythematous and m o rb i l l i fo rm ,  but o th e r s  
have been d e s c r ib e d ,  such as  macular, c i r c i n a t e ,  papular  
and polymorphus. In the 670 r e a c t i o n s  f o l lo w in g  the  
a d m in i s t r a t io n  o f  concentrated  serum, 668 e x h i b i t e d  r a s h e s ,  
and in  the  r e f i n e d  s e r i e s ,  24.
The f o l l o w in g  ta b le  shows the percentage  of  each type  
and the de j  on which the d i f f e r e n t  types  of  rash appeared.
Type Concentrated Serum Refined Serum.
Ha shes Day of  Appearance Ra shes D8y o f  Appearance
No. 1 i 0-5 6-12 ! 13- No. * D-5 J 6 -12  J 13-
U r t i c a r i a l 578 8 6 .5 148 426 j 4 10 4 1 .6 6 ! 4 | -
Erythematous 32 4 .7 10 20 ' 2 8 33 .3 5 J 3 ; -
M o rb i l l i fo r m 28 4 .2 9 18 ! 1 4 1 6 .7 2 « 2 ! -
C i r c i n a t e 15 2 .3 5 10 J - 1 4 .2 - ! i  : -
Polymorphus 15 2 .3 4 9 « 2i— 4—------
1 4 .2 ; 1 ; -
----------1------------1------ :_T
T o t a l  • 668 100-0 176 483 1 9i
24 loao 1 3  ! i i  ! -
—  i i ,
The u r t i c a r i a l  rash predominates and the in c id en ce  
i s  h igh er  with  concentrated  than with  r e f in e d  serum where 
the percentage  d i f f e r e n c e  between the u r t i c a r i a l  and the  
erythematous i s  not so marked ( 4 1 .6  -  3 3 . 3 ,  as a g a in s t  
8 6 .6  -  4 .7 )  • There was a h igher  percentage inc idenoe  o f  
erythem atous ,  m orb i l l i form ,  c i r c i n a t e  and polymorphus rashes  
when r e f i n e d  serum was used than when concentrated  serum was
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a d m in i s t e r e d .  C ir o in a te  and polymorphus r a sh e s  
occurred in  the same number w ith  each serum.
Recurrent  Rashes .
These are o f  rare occurrence w ith  con cen tra ted  
s e r a ,  and did not occur with  r e f i n e d  serum. With
i
c o n c e n tr a te d  serum only  7 were observed .  They were not  * 
c o n f in e d  to  any d e f i n i t e  batch of  serum, and the  serum was 
g iv e n  by the intramuscular  r o u t e .  Three o f  the c a s e s  
were males and fo u r  were f e m a le s .
Age Groups: 0 -5  years  2 c a s e s .
6-10 , ,  3 , ,
11-20 , ,  2
Dosage o f  Serum Given: 8 ,0 0 0  u n i t s  or l e s s . . . . .  1
8 ,0 0 0 -4 0 ,0 0 0  u n i t s ..................4
40 ,000  u n i t s  or m o r e . . . .  2 
In a l l  o f  them two rashes  appeared. In two the time  
between the ra sh es  was three  days,  in four  i t  was f i v e  da y s ,  
and in  one i t  was s i x  days .  The ra sh es  were a l l  of  the  
g e n e r a l i z e d  u r t i c a r i a l  ty p e .  Four o f  the c a s e s  had had a 
p r e v io u s  i n j e c t i o n  o f  serum, and three  had n o t .
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Signs o f  General Serum Reaction  o ther  
________ than Cutaneous._________________
Below, in  ta b u la r  form, i s  an a n a l y s i s  o f  the msin s ig n s
o f  g e n e r a l  serum r e a c t i o n  other  than serum r a s h e s .
No. o f  C a s e s  . . . .  
P e r c e n t a g e  o f  
C a s e s  t r e a t e d . . .  
P e r c e n t a g e  o f  
Serum r e a c t i o n s .
Sex:  M a l e .............
Pemal e  . .  . .  
A v e r a g e  Age .
Y e a r s . . . . .
Dos ag e :  Up t o  
8 , 0 0 0  u n i t s . .
8 , 0 0 0 - 4 0 , 0 0 0 .
4 0 , 0 0 0  u n i t s  
& o v e r . . . . .
No P r e v i o u s  Serum;  
Number . . . . .
No P r e v i o u s  Serum:  
Day o f  O c c u r r e n c e  
P r e v i o u s  Serum:
N u m b e r . . . . . . .
P r e v i o u s  Serum:
Day o f  O c c u r r e n c e .  
Number who had 
I n t r s v e n o u s  Serum.
C o n c o m i t t e n t  S i g n s :
G e n e r a l  R a s h ...............
L o c a l  R a s h ....................
Ra sh A b s e n t . . . . . . . .
A l b u m i n u r i a ..................
Oedema   ......................
A r t h r i t i s .................... ..
A d e n i t i s   ..........
F e v e r .................................
Concentrated R e f in e d .
>edema A r t h r i t i s Fever  
99°F • 
Upward
Oedema A r t h r i t i s Fever  
99 ®F 
Upwarc
19 17 418 - 1 4
. to CO .25% 6.2% - • 4%
2 .8 ^ 2.5% 62.4% — 4 . lie 16.6%
10 12 256 - i 2
9 5 162 - - 2
8 .7 17 .2 1 1 .1 - 14 16
2 3 56 _
6 5 256 - - -
11 9 106 - 1 4
9 6 187 - - 3
2-12 4-11 8-9  , - - 1
10 11 231 - 1 1
1-4 2 -7 5-6 - 5 1
1 4 87 - 1 4
16 12 418 _ 1 4
2 4 - - - -
1 1 - - - -
8 7 106 - - 2
- 12 - - -
- 12 - - 1
- - - - -
8 12 * 1
C o n c l u s i o n s .
The a l l - r o u n d  red uc t io n  in the c o m p l ic a t io n s  due to 
serum by the use o f  r e f in e d  serum i s  s t r i k i n g .  The h ig h er  
in c id e n c e  o f  com p l ica t ion  in  males i s  shown, excep t  in f e v e r  
caused by r e f i n e d  serum, where the in c id en ce  was e q u a l .  As 
the dose o f  serum in c r e a se s  so does the l i a b i l i t y  to  serum 
c o m p l i c a t io n s .  A previous i n j e c t i o n  o f  serum i n c r e a s e s  t h i s  
l i a b i l i t y ,  and a l s o ,  in the use of concentrated  serum, reduces  
the in c u b a t io n  period o f  the r e a c t i o n .  Fever i s  common, more 
so w ith  c o n cen tra ted  serum, where i t  occurred in 6 .2 $  o f  a l l  
c a s e s ,  as  compared w ith  •4% with r e f in e d  a n t i t o x i n .
Albuminuria was a frequent  com plicat ion  with con cen tra ted  serum, 
but o n ly  occurred in  two c a s e s  t r e a te d  with r e f i n e d  a n t i t o x i n .
General Serum Reaction w i th  No Rash.
T h is  occurred in two c a ses  t r e a te d  with co n cen tr a ted  
serum. Both ca ses  were males . Summary o f  each c a s e s -
(1) A boy o f  9 years  rece ived  2 0 ,000  u n i t s  in tr a m u sc u la r ly .
He developed a r t h r i t i s ,  albuminuria and a temperature  
o f  1 0 0 .6 °  on the 7 t h .  day. He was given a drena l in  
m . 5 . t . i . d .  fo r  two days ,  to g e th e r  w ith  a s p i r i n  g r .  5 .  
q . i . d .  In four days the albuminuria and the  
a r t h r i t i s  had passed o f f .  His  temperature s e t t l e d  on 
the  th ir d  day.
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(2) A young man o f  19 was g iven  16 ,000  u n i t s
in t r a m u s c u la r ly .  6 days l a t e r  he developed a 
temperature (101 .4° )  and a r t h r i t i s  of  h i s  
in t e r p h a la n g e a l  j o i n t s  o f  both hands. He was 
g iv en  a s p i r i n  g r .  10 .  q . i . d . ,  and a f t e r  two days  
h i s  temperature s e t t l e d ,  and in  three days more 
the  l a s t  t r a c e  of  h i s  a r t h r i t i s  had passed o f f .
C o n c lu s io n .
A r t h r i t i s ,  albuminuria and pyrexia  can develop in  
the absence  o f  cutaneous s i g n s .
LOCAL SERUM RASH.
D e f i n i t i o n -  Where the rash i s  conf ined to  s i t e  o f  i n j e c t i o n .
This  occurred in 76 of  the concentrated serum s e r i e s ,  
and in 5 o f  the r e f i n e d  s e r i e s .  In the concen tra ted  group 
6 c a s e s  were a s s o c ia t e d  with s ig n s  o f  genera l  r e a c t i o n ,  2 having  
oedema and four having a r t h r i t i s ,  p lu s  the rash a t  the s i t e  o f  
i n j e c t i o n .  These 6 ca ses  had a l l  been s e n s i t i s e d  to  horse  
serum by 8 p r ev iou s  i n j e c t i o n  of  antiserum . In the remaining  
70 c a s e s ,  a n a l y s i s  o f  the rashes  was: 64 u r t i c a r i a l ,
4 erythem atous ,  and 2 m o rb i l l i fo rm .  Of these  c a s e s  62 had 
had no p r ev iou s  serum, while  8 had had serum p r e v i o u s l y .  The 
day o f  occurrence of  the rash In the 76 c a s e s  was: 0 -6  days,  2 2 .  
6 - 1 2 ,  48 ,  and 12 days upwards 6 .  With r e f i n e d  serum, 5 l o c a l  
r a sh e s  were o b s e r v e d .  These 5 c a s e s  had had no p rev iou s  
i n j e c t i o n  o f  serum and were not accompanied by any other  
m a n i f e s t a t io n  o f  serum d i s e a s e .  The 5 rashes  were of  the
u r t i c a r i a l  t y p e ,  and occurred 3 on the 5 th .  day and 2 
on th e  6 t h .  day a f t e r  i n j e c t i o n .
C o n c lu s io n .
Local  r a sh e s  can occur even a lthough the p a t i e n t  
has been s e n s i t i s e d  by a prev ious  i n j e c t i o n ,  but a p r e v io u s  
i n j e c t i o n  o f  serum makes the p a t i e n t  l i a b l e  to  a g e n e ra l  
r e a c t i o n  to  the serum. The rashes  are mainly of the 
u r t i c a r i a l  tyne . The day of  occurrence o f  these  l o c a l  
r a sh e s  approximates to  the day of  onset  of  g en e ra l  serum 
r e a c t i o n  •
RECURRENT LOCAL RASHES.
None were observed in t h i s  s e r i e s .
ALBUMINURIA.
The d i f f i c u l t y  o f  determining whether albuminuria i s  
caused by the  t o x i n s  c i r c u l a t i n g  in the blood stream or whether  
i t  i s  due t o  the serum per se i s  obv iou s .  In t h i s  a n a l y s i s  i t  
was regarded a s  a com plicat ion  due to  serum when i t  occurred  
during th e  per iod  when serum r e a c t io n s  do occur ,  and in the  
absence o f  any other  oause fo r  albuminuria.
In c id en ce  o f  Serum Albuminuria.
Number o f  C a s e s .....................................
A l b u m i n u r i a  and  General R ea ct ion .  
A l b u m i n u r i a  a n d  Local R e a c t i o n . . .
Concentrated  
Serum.
122
R efined
Serum.
2
121 2
1
. io a .
Day o f  Appearanoe o f  Albuminuria.■■1. ■ i, .. ,   — i, „,,, g
Concentrated Refined  
Serum. Serum.
Under 6  d a y s . . ..............................................  4 0  ^
6 - 1 2  d a y s . . ................................................. 7 3  1
1 2  d a y s ........................................................   1
122 2
R e la t io n  t o  Appearance of Rash.
Concentrated Refined  
Serum. Serum.
Time o f  Appearance.
Before the rash appeared. . . . . . . .  22
A f t e r  11 11 11   100 2
T o t a l .................................. ...... ...................  122 2
Duration o f  Albuminuria.
Concentrated Refined  
Time • Serum. 5erum.’
1 - 5  d a y s ........................................  76 2
5 - 1 0  d a y s    • • 44
1 0  d a y s ...............................................  2
C o n c l u s i o n s .
Albuminuria occurs as a serum phenomenon in 1 .8 $  o f  a l l  
c a s e s  t r e a t e d  w ith  concentrated  serum, and in  1 8 .4 #  o f  c a s e s  o f  
serum r e a c t i o n s  caused by the same serum. With r e f i n e d  serum 
the  f i g u r e s  are .2#  of  a l l  c a ses  and 8 .3 #  o f  serum r e a c t i o n s .
With concen tra ted  serum i t  makes i t s  appearance most o f ten  between 
the 6 t h .  and the 1 2 t h .  day,  mostly a f t e r  the rash  has appeared,
and p e r s i s t s  f o r  1 - 5  days .  With r e f in e d  serum the inc id en ce
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i s  e q u a l l y  d iv ided  between the 1 - 6 ,  and 6 - 1 2  day p e r io d s ,  
always a f t e r  the rash  has appeared, and l a s t s  f o r  1 - 5  d a y s .
THERMAL REACTIONS.
These occur most f r e q u e n t ly  a f t e r  the in traven ous  
a d m in is t r a t io n  o f  serum* With concentrated  serum 476 c a s e s  
r e c e i v e d  serum in tr a v e n o u s ly ,  and 87 ( 1 8 . 2 $  had a f e b r i l e  
r e a c t i o n .  With r e f in e d  serum 400 had serum in t r a v e n o u s ly ,  and 
4 (1%) had a thermal r e a c t i o n .  A thermal r e a c t i o n  was de f ined  
as a r i s e  o f  temperature above 9 9 .4 °  and p e r s i s t i n g  f o r  more 
than two h ou rs .  The t o t a l  number of p a t i e n t s  who r e c e iv e d  
c o n c e n tr a te d  serum and who showed a thermal r e a c t io n  was 126,  
which i s  1 . 8 $  of  a l l  c a s e s  r e c e iv in g  serum, and 1 8 .8 #  of  a l l  
r e a c t i o n s .  Using re f in e d  serum, 4 o a s e s ,  r e p r e se n t in g
.4 #  o f  a l l  c a s e s  and 16 .6 #  of  a l l  r e a c t i o n s ,  had -a thermal  
r e a c t i o n .
C o n c l u s i o n .
R ef ined  serum d e f i n i t e l y  reduces the in c id en ce  of  
thermal r e a c t i o n s .
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PREVIOUS HISTORY OP ALLERGY.
In the  concentrated  serum s e r i e s ,  18 gave a h i s t o r y  o f  
asthma or p r e v io u s  a t t a c k s  o f  u r t i c a r i a .  In t h i s  group 14 
developed g e n e r a l  serum r e a c t i o n s  and 4 did n o t .  The r e a c t i o n s  
were accompanied by u r t i c a r i a l  r a s h e s .  Of the 1 ,0 0 0  ca ses  t r e a t e d  
with  r e f i n e d  serum 12 gave an a l l e r g i c  h i s t o r y  (asthma or u r t i c a r i a )  
but none d e v e lo p e s  serum r e a c t i o n .
C on clus ion .
Where a h i s t o r y  o f  a l l e r g y  i s  g iven  i t  i s  u n sa fe  t o  use  
c oncen tra ted  serum u n l e s s  the p a t i e n t  has been d e s e n s i t i s e d .
Refined serum should be u s e d .
SERUM ACCIDENTS.
This  term i s  used t o  denote the o c c a s io n a l  s e v er e  and 
sometimes f a t a l  r e a c t i o n  occuring a f t e r  serum has been g i v e n .
In n e i t h e r  o f  the  s e r i e s  under c o n s id e r a t io n  was there  a f a t a l  
a c c i d e n t ,  but  s e v e r e  r e a c t i o n s  were observed.
(1)  Concentrated Serum. After  the use  o f  in travenous serum 
22 such r e a c t i o n s  were observed .  This r e p r e s e n ts  0 .3 ^  
o f  a l l  ca ses  r e c e i v in g  serum, 4 .6 ^  o f  a l l  ca ses  r e c e i v i n g  
th e  serum in tr a v e n o u s ly ,  and 3 . 3 $  o f  a l l  r e a c t i o n s .  14 had 
r e c e i v e d  a previous  i n j e c t i o n  o f  serum. There were .no  
serum a c c id e n ts  where the serum was g iv e n ,  in tr a m u sc u la r ly .  
The t r a i n  o f  s ig n s  and symptoms in  a l l  the  cases  were the  
same. They were -  t i g h t n e s s  across  the c h e s t ,  p a l p i t a t i o n ,  
c y a n o s i s ,  b r e a t h l e s s n e s s ,  co ld  p e r s p i r a t io n ,  extreme
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a n x i e t y  and v o m it in g .  The p a t i e n t s  were g iv en  . 5  c . c * s  
o f  1 /1 0 0 0  a d r e n a l in  h y d roch lor id e ,  oxygen and kept in  
F o w le r ' s  p o s i t i o n  -  a drena l in  was r e a d m in is ter ed  where 
n e c e s s a r y .  A l l  ca se s  reco vered .
(2)  R e f in ed  Serum. Two s i m i la r  cases  occurred w ith  in travenous  
i n j e c t i o n .  This r e p r e s e n t s  . 2 cjo o f  a l l  c a s e s ,  *5$ o f  
c a s e s  who were g iven  serum in tr a v e n o u s ly ,  and 8 . 3 $  o f  
a l l  r e a c t i o n s .
C o n c lu s io n s .
Serum a c c i d e n t s  are  rare  and t h e i r  in c id en ce  i s  in c re a se d  
by in traven ous  therap y .  Refined serum should  be the  serum 
o f  c h o i c e .  Adrenalin should always be kept a t  hand on 
th e  serum tray*
■ i  ::r?
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GENERAL SUMMARY.
An a n a l y s i s  has been mad© and a comparison drawn o f  the  
m a n i f e s t a t io n s  o f  serum r e a c t io n s  fo l lo w in g  upon the i n j e c t i o n  
o f  c o n c e n tr a te d  and r e f i n e d  a n t i - d i p h t h e r i t i s  s e r a .
The t o t a l  i n c i d e n c e  was -
C oncentrated . R e f in e d .
T o t a l  Serum R e a c t i o n   6 7 0 ( 9 .9 $ )  2 4 ( 2 .4 $ )
G e n e r a l  Serum R e a c t i o n ................................  5 9 4 (8 .9 $ )  1 9 ( 1 .9 $ )
L o c a l  R e a c t i o n .................................................... 7 6 ( 1 .1 $ )  5 ( 0 .5 $ )
The f a c t o r s  w h ic h  i n f l u e n c e  serum r e a c t i o n s  a r e  -
(a)  Sex  and  A g e . M ales  have a h i g h e r  r a t e  t h a n  f e m a l e s ,  and
t h i s  r a t e  v a r i e s  in  t h e  d i f f e r e n t  age g r o u p s .  The 
i n c i d e n c e  i s  low er  where r e f i n e d  serum i s  u s e d .
(k) D o s a g e . As th e  dose  of  serum i n c r e a s e s ,  so a l s o  d o e s  t h e  
i n c i d e n c e  o f  r e a c t i o n s .  The i n c i d e n c e  i s  more marked 
i n  m a le s  t h a n  i n  f e m s l e s .  The serum r e a c t i o n  r a t e  i s  
l o w e r  where  r e f i n e d  serum was g i v e n .
( c) I n t r a v e n o u s  I n j e c t i o n . Where t h i s  method o f  t h e r a p y  i s  
em ployed  t h e  i n c i d e n c e  o f  serum r e a c t i o n s  r i s e s .
I n t r a v e n o u s  t h e r a p y  i s  u s u a l l y  combined w i t h  i n t r a m u s c u l a r  
i n j e c t i o n ,  and th e  t o t a l  dose g iv e n  i s  u s u a l l y  l a r g e .
T h i s  i s  a f a c t o r  i n  c a u s i n g  an i n c r e a s e d  i n c i d e n c e .  Using  
c o n c e n t r a t e d  serum, t h e  i n c i d e n c e  was 1 9 . 1 $ .  I n  t h e  
r e f i n e d  s e r i e s ,  where i n t r a v e n o u s  serum was g i v e n  a l o n e ,  
t h e  r e a c t i o n  r a t e  was 3 . 3 $ ,  w h i l e  w i t h  combined
intravenous-i n t r a m u s c u l a r  i n j e c t i o n ,  i t  was  8 . 0 $ .
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Here a g a in  r e f i n e d  serum had the  lower r e a c t i o n  r a t e .
D i f f e r e n t  Batches o f  Serum. This would appear to  have 
l i t t l e  in f lu e n c e  on the  inc id en ce  o f  serum r e a c t i o n s .  
Over a per iod  o f  s i x  y e a r s ,  u s in g  concentrated  s e r a ,  
t h e  r a t e  v a r ie d  from 9 .5 $  -  1 0 .3 $ .
(e )  R e i n j e c t i o n  o f  Serum. This has a d e f i n i t e  bear in g  on
th e  in c id e n c e  o f  serum r e a c t i o n s .  With concentrated  
serum th e  in c id en ce  r o s e  from 7 .6 $  to  1 9 .5 $ ,  and w i th  
r e f i n e d  serum from 1 . 8 $  to  2 .6 $ .  These are s i g n i f i c a n t  
i n c r e a s e s .  The much lower percentage  o f  r e a c t i o n s  a f t e r  
r e f i n e d  serum i s  noteworthy.
O bservat ions  on Serum R e a c t io n s .
(a)  In c u b a t io n  P e r io d .  The 9th day a f t e r  i n j e c t i o n  o f
concen tra ted  serum i s  the  day on which most r e a c t i o n s
o c c u r .  This i s  reduced t o  6 days in  the ca se  o f  r e f i n e d  
serum, and, in  bbth,  a previous i n j e c t i o n  o f  serum b r ings  
about a r ed u c t io n  in the incubat ion  p e r io d .
(b) D u ra t io n .  The e f f e c t s  in  most cases  have passed o f f  w i th in
3 day s ,  but a previous i n j e c t i o n  o f  serum would appear to
pro long  the  symptoms.
(o)  Types o f  Rash encountered.  F ive  d i f f e r e n t  rashes  have been  
d e s c r ib e d .  For both s e r a ,  the u r t i c a r i a l  type o f  r a sh  i s  
most f re q u en t ,  but the percentage in c id en ce  o f  t h i s  type  
i s  much higher  fo r  concentrated than fo r  r e f i n e d . 
U r t i c a r i a l  rashes  are the r u le  in  s e n s i t i s e d  p a t i e n t s .
(4)  R ecurrent  Rashes . These are rare and are n o t  conf ined
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t o  any age group, but no cases  were recorded i n  t h i s  
s e r i e s  in  p a t i e n t s  over 20.
( e ) Oedema. This  u s u a l l y  developes  in  l o c a l i z e d  s i t e s  such as  
the  f a c e  or the  hands• I t  i s  commoner in  males than in  
f e m a l e s , where l a r g e  doses o f  serum were g i v e n ,  and 
p r e v io u s  i n j e c t i o n  o f  serum had l i t t l e  in f lu e n c e  on i t s  
i n c i d e n c e .  I t  tends to  occur in  young p e o p l e .  No cases  
o f  oedema were recorded where r e f in e d  serum was u s e d .
A r t h r i t i s . This occurred in  2 .5 °/o and 4.1^> o f  serum r e a c t i o n s  
f o l l o w i n g  the ad m in is tra t io n  o f  concentrated  and r e f i n e d  
s e r a  r e s p e c t i v e l y .  I t  was more frequent  in  males than in  
f e m a l e s ,  and was more common in s e n s i t i s e d  p a t i e n t s .
(g)  f fever• Some f e v e r  i s  present  in  most g en era l  r e a c t i o n s  
a f t e r  concentrated serum -  62.4^> o f  r e a c t i o n s .  This  
f i g u r e  f e l l  t o  16 .6^  when r e f in e d  serum was u s e d .  In 
t h e  concentrated  s e r i e s  previous  i n j e c t i o n  o f  serum and 
h ig h  dosage o f  serum were c o n tr ib u to r y  f a c t o r s  to  t h i s  high  
i n c i d e n c e .  In the  other s e r i e s ,  high dosage was a f a c t o r ,  
but p r e v io u s  i n j e c t i o n  o f  serum was n o t .
Looal Serum R ashes .
These u s u a l l y  have no accompanying g en era l  r e a c t i o n  where 
rash  i s  l i m i t e d  to  a small  area around the s i t e  o f  
i n j e c t i o n , b u t  in  6 o f  the recorded cases  where concentrated  
serum was u s e d , g e n e r a l iz e d  symptoms were a l s o  p r e s e n t .
Albuminuria.
m s  occurs in  almost l / 5 t h  o f  a l l  ca ses  as  a s ig n  o f  
g e n e r a l  serum r e a c t i o n .  I t  makes i t s  appearance m ost ly
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a f t e r  the  rash  has appeared,  and between the  6 th  and 
th e  12th  day a f t e r  i n j e c t i o n .  I t  i s  l e s s  common a f t e r  
t h e  a d m in is tr a t io n  o f  r e f in e d  serum than a f t e r  co ncen tra ted  
serum.
Serum A c c i d e n t s .
These are  rare  and occur a f t e r  in travenous i n j e c t i o n .
They are  more l i k e l y  t o  happen in  s e n s i t i s e d  p a t i e n t s .
With r e f in e d  serum t h e i r  inc id en ce  i s  much reduced .  No 
f a t a l  case  was recorded .
k; i  S i ig  1;;? £ 1 $ c:f  r h e  I t s  of"
r-*o i  , 0 - jo  o f  c l i n i c a l
0 * 0  wi t th fin ed  f  iphtfeoa,,l«s *
SECTION 111.
An a n a l y s i s  o f  the r e s u l t s  of  treatment  
o f  1 ,0 0 0  e a ses  o f  c l l n i e a l  d ip hth er ia  
t r e a t e d  with r e f in e d  diphther ia  a n t i t o x i n .
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TREATMENT OF DIPHTHERIA BY REFINED ANTITOXIN.
A s e r i e s  o f  1 ,000  c o n se cu t iv e  o ases  o f  c l i n i c a l  d ip h th er ia  
was i n v e s t i g a t e d  in B e lv idere  Fever H o s p i t a l ,  Glasgow, from 
August 1937,  t o  A p r i l  1939* A l l  were g iven  r e f i n e d  a n t i t o x i n .  
T his  was su p p l ied  in ampoules conta in ing  (with s l i g h t  
v a r i a t i o n s )  -
4 .0 0 0  u n i t s  in 0 .8  c . o ' s  o f  serum.
6 .0 0 0  u n i t s  in 1 .3  c . c ' s  o f  serum.
8 .0 0 0  u n i t s  in 1 .75  c . c ' s  o f  serum.
2 0 ,0 0 0  u n i t s  in 3 .0  c . c ' s  o f  serum.
In each case  the f o l lo w in g  p a r t i c u la r s  were noted: -
(a) Age o f  p a t i e n t •
(b) Sex o f  p a t i e n t .
(c)  C l i n i c a l  type of  d ip h th er ia .
(d) S t r a in  of  c .  diphtherias recovered from the  o a s e .
(e)  Time of  occurrence of serum r e a c t i o n s  or r a s h e s .
( f )  Time and type of  com p l ica t ion .
(g) H is to r y  o f  previous i n j e c t i o n  o f  serum, asthma or
u r t i c a r i a •
F our-hour ly  ob serva t ion s  were made upon:-
(a) Temperature and pulse  r a t e .
(b) Rate o f  disappearance of membrane /  or d i s c h a r g e s  /
or a d e n i t i s .
(c) Degree o f  toxaemia.
The 1 ,0 0 0  c a s e s  were d iv ided  in to  three groups:-
(a) 600 who were g iven the serum by intramuscular
i n j e c t i o n  a lo n e .
fb} 250 who r e c e i v e d  a combined intravenous and
intramuscular i n j e c t i o n ;  and
t G) T5 0  who r e c e i v e d  the a n t i t o x i n  by intravenous
i n j e c t i o n  a lo n e .
O u tl in e  o f  General Treatment and Nursing of  the P a t i e n t s .
Each case  was reviewed s e p a r a te ly  and t r e a t e d  accord ing  
to  i t s  s p e c i a l  req u irem en ts .  G enera l ly  speak ing ,  however,  
the  r o u t i n e  procedure in the wards was:-
Immediately  a f t e r  the p a t i e n t  had been admitted to  the  
ward and had been bathed,  the temperature, p u lse  and 
r e s p i r a t i o n  r a t e s  were taken,  and a specimen of  ur ine  obta ined  
( i f  p o s s i b l e ) .  The p a t i e n t  was then examined and the e x te n t  
o f  the  membrane /  or d isch arges  /  or a d e n i t i s  was n o te d .  The 
degree  o f  t o x i c i t y  was observed and recorded .  P r io r  to  the 
serum be ing  g i v e n ,  a swab was taken o f  the membrane /  or 
d i s c h a r g e s .  This was inocu la ted  on to  a L e o f f l e r  s lope  and 
on to  a p l a t e  o f  the media o f  Kerrln and Gaze (1936) • These 
were then p laced  in the incubator a t  37° C.
Prom the p s t i e n t ,  or from the n u r s e ' s  case  reco rd ,  
o b ta in ed  a t  the p a t i e n t ' s  home ( i f  the p a t i e n t  were too i l l  br 
too young t o  a s s i s t )  i t  was a sc er ta in e d  whether the p a t i e n t  
had s u f f e r e d  from asthma or u r t i c a r ia  or whether he had had a 
p r e v io u s  i n j e c t i o n  o f  serum. Previous i l l n e s s e s  were a l s o  
r e c o r d e d .  The p a t i e n t  was now examined as to  h i s  soundness  
o f  h e a r t  and lun g ,  and fo r  any evidence o f  other d i s e a s e .
The serum was then g iv e n .  Although a prev iou s  h i s t o r y  
o f  asthma, u r t i c a r i a  or previous  I n j e c t io n  o f  serum was g iv e n ,  
the p a t i e n t  r e c e iv e d  the r e f in e d  a n t i t o x in  without d e s e n s i t i s a t i o n .  
On the  serum t r e y ,  a syringe charged with .5  c . o ' s  o f  a drena l in  
hydrochlor ide  so lu t io n  1 /1000 ,  was kept a t  hand In case  I t  was
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req uired#
The serum having been g iv e n ,  the p a t i e n t  was c l o s e l y  
observed  f o r  s ig n s  o f  serum reac t io n #  The tem perature,  p u lse  
and r e s p i r a t i o n  r a t e s  were taken 5 ,  10 and 30 minutes  
a f t e r w a r d s ,  t h e r e a f t e r ,  4 hourly o b serv a t ion s  were made# The
urine  was examined d a i l y  fo r  abnormal c o n s t i t u e n t s ,  such as  
albumin,  b lo o d ,  sugar and a ce to n e .
A l l  p a t i e n t s  were kept ly in g  down f o r  three  weeks,  and 
c a s e s  which r e c e iv e d  more than 40,000 u n i t s  o f  a n t i t o x i n  were 
kept f l a t  f o r  8 minimum period of  four weeks.  Those r e c e i v i n g  
very  la r g e  doses  - 200,000 u n i t s  - were not a l lowed to  s i t  up
in bed f o r  prolonged p e r io d s ,  extending in  one case to  
14 w eek s .  I f  a com plicat ion  was observed, the p a t i e n t  was 
kept l y i n g  down u n t i l  the com plicat ion  was cured.
Fol lowing  the lying-down p e r io d ,  p a t i e n t s  were a l low ed  
to  s i t  up in bed, fo r  a minimum period of one week. P a t i e n t s  
who had had large  doses of  serum or those  who had developed  
c o m p l ic a t io n s  were brought gradual ly  to  the s i t t i n g  p o s i t i o n  by 
means o f  p i l l o w s .  A f te r  the s i t t i n g - u p  p e r io d ,  the p a t i e n t s  
were a l low ed  up to walk about the ward and the grounds o f  the  
h o s p i t a l  f o r  another minimal period of one week.
A d d i t io n a l  N on-Spec if ic  Treatment of the Cases*
Schwentker and N oe l ,  1930. They found, in  c a se s  
which had a f a t a l  term inat ion ,  a hypoglycaemia. I f  death did  
not take  p l a c e ,  the blood sugar content  rose  u n t i l  f i n a l l y  there  
was a d e f i n i t e  hyperglycaemia. They found, a l s o ,  a reduct ion
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o f  the  h e p a t ic  and muscular g lycogen during the toxaem ia,  
and a d e f i n i t e  red uct ion  in the a b i l i t y  to  a s s i m i l a t e  d e x t r o s e .  
They advocated the  use of  in s u l in  and Intravenous d e x t r o s e .
Begg and H arries  (1935) a l so  recommended the use o f  Intravenous  
d e x tr o s e  but found no b e n e f i t s  from the use of i n s u l i n .  As 
the  c o n te n t  o f  dextrose  in  the blood r o s e ,  so did the  l i a b i l i t y  
t o  c a r d ia c  p a r e s i s .
McLean, 1937, thought that  the hypoglycaemia found in  
the  acute  s t a g e s  of  d iphther ia  was due to  the p a t i e n t ' s  
f a s t i n g .  He found that  the g lucose  to ler a n c e  curves  in  the  
acute  s t a g e s  o f  d iphther ia  took the form commonly c a l l e d  the  
’’l a g ” c u r v e .  In co n va lescen t  p a t i e n t s  the curves were of  
the normal t y p e .  He thought that  the f,l a g lf curve was due not  
to  d im in ished  absorption  o f  g lucose  from the a l im entary  t r a c t  
but t o  a diminution of  the a b i l i t y  of the p e r ip h e ra l  t i s s u e s  
t o  a s s i m i l a t e  i t  from the b lood .
Muir 1924, noted that the suprarenal g lands showed 
d e g e n e r a t io n  and haemorrhages in to  t h e i r  substance f o l lo w in g
death  from d ip h t h e r ia .
R o l l e s t o n ,  1925, agreed with the f in d in g s  of  Muir but  
o n ly  in the case  o f  guinea p ig s  which had died from d i p h t h e r ia .  
In humans there  were few ffnaked e y e ” changes,  and the  
m ic r o s c o p ic a l  changes were not c o n s ta n t .
Ker, 1929, su b s ta n t ia ted  the ob serv a t io n s  o f  Muir.
Harrop e t  a l ,  1933,  found t h a t ,  in  dogs where the 
su prarena l  g land s  had been removed, the dogs l i v e d  longer  i f
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th e y  were g iv en  i n j e c t i o n s  of  sodium c h l o r i d e .  They 
conc luded  that  the suprarenal  c o r tex  had a r e g u la t i n g  
i n f l u e n c e  over the e x c r e t io n  of  water  and sodium c h l o r i d e .
Thaddea, 1935, showed t h a t ,  fo l lo w in g  upon the  
i n j e c t i o n  o f  guinea p ig s  with d iphther ia  t o x i n ,  there  Is  
n e c r o s i s  and haemorrhage of  the suprarenal c o r t e x  and a 
disappearance  o f  l i p o i d  m ater ia l  a l so  from the  c o r t e x .  These 
changes could he avoided or diminished i f  the guinea p i g s  
were g iv en  e x t r a c t s  o f  suprarenal cor tex  combined with  
a s c o r b ic  a c id  (Vitamin C) which i s  normally found in  the  
c o r t e x .
McLean, 1936, In a c o n t r o l l e d  s e r i e s  obta ined good 
r e s u l t s  by adm in is ter in g  one tea sp oo n fu l  o f  s a l t  per mouth, 
th r ee  t im es  a day fo r  the f i r s t  four weeks th a t  the p a t i e n t  
was In h o s p i t a l .  In p a t i e n t s  who were too i l l  to  take s a l t  
by mouth he employed continuous r e c t a l  s a l i n e s .  In the  
p a t i e n t s  who did  not r e c e iv e  the a d d i t io n a l  sodium c h lo r id e  
th ere  was a h igher  com plicat ion  r a t e ,  and t h e i r  s t a y  In 
h o s p i t a l  was longer  than those who did r e c e iv e  the ex tra
sodium c h l o r i d e .
McLean 1937. In oases  where death took p l a c e ,  he
found t h a t  there  was a f a l l  in the serum sodium and in  the
serum c h l o r i n e .  By t r e a t i n g  the p a t i e n t s  w ith  sodium
c h lo r id e  t h i s  f a l l  was m i t ig a te d .
From the data g iven  above i t  i s  seen th a t  in
d ip h th e r ia  there  i s : -
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(a) A hypoglyoaemia in p r e l e t h a l  c a s e s  and in  c a s e s
which r e c o v e r ,  a hyperglyeaem ia•
(b) There i s  some upset in metabolism whereby the
p e r ip h e r a l  t i s s u e s  l o s e  t h e i r  power t o  a s s i m i l a t e  
the  d extrose  in the b lood .
(c )D ur in g  d ip hth er ia  there  i s  damage to  the suprarenal  
g l a n d s .
( d ) I n  d ip hth er ia  there i s  a d e f i c i e n c y  in the blood of  
sodium and c h l o r i n e .
(e)The e f f e c t s  o f  the damage to the suprarenal  g lands  
oan be l e s se n e d  by the adm in is tra t ion  o f  sodium 
c h lo r id e  and ascorb ic  a c id .
( f ) D e x t r o s e  i s  a u s e f u l  adjunct in the treatment o f  
d i p h t h e r i a •
A l l  p a t i e n t s  on admission to h o s p i t a l  were t r e a t e d  w i th  
f l u i d s ,  g lu c o se  ( t o  which one teaspoon fu l  o f  s a l t  per p in t  of  
g l u c o s e  s o l u t i o n  had been added) and l i b e r a l  su p p l ie s  o f  f r u i t  
j u i c e s ,  the f r u i t  j u i c e s  supplying the a scorb ic  a c id  
(Vitamin C) . Three days fo l lo w in g  the disappearance of  the  
membrane /  or d i s c h a r g e s ,  some s o l i d  food was gra d u a l ly  
in trodu ced  in t o  the d i e t ,  and slowly  the p a t i e n t  was brought  
back t o  normal d i e t ,  the time taken f o r  t h i s  being 10-16 days .  
As many o f  the p a t i e n t s  l ik e d  ice-cream and as i t  oonta ins  
sugar ,  milk and c o r n f lo u r ,  t h i s  was g iven each day,  
commencing on the 3rd. day fo l lo w in g  the disappearance of
the  membrane or d i s c h a r g e s .
Where, in conjunction with the d ip h t h e r ia ,  there
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appeared a s t r e p t o c o c c a l  or s ta p h y lo co c c a l  i n f e c t i o n  o f  
the  t h r o a t ,  the p a t i e n t s  were g iv en  a sulphanilaraide  
p r e p a r a t io n  -  the preparation  used being S tr ep to o id e  (E vans) ,  
the dose varying  from J to  1 gramme 4 hou r ly .
The p a t i e n t s  were g iven mouth washes o f  glyoothymolene  
every  f o u r  hours ,  and where the p a t i e n t  was too  i l l  or too  
young the  mouth was c leaned by nurse .
Where c e r v i c a l  a d e n i t i s  was p r e s e n t ,  when the p a t i e n t  
had s u f f i c i e n t l y  recovered from the i n i t i a l  toxaemia,  he was 
g iv en  chewing gum. This appeared to reduce the a d e n i t i s  
by c a u s in g  massage o f  the c e r v i c a l  glands by the a c t i o n  o f  the  
jaw in  chewing.
When the  p a t i e n t  had returned to  normal d i e t ,  an iron  
t o n i c  was g i v e n .  The p r e s c r ip t io n  was:-
Syr.  F er r i  Phos.  Co.
Syr.  F e r r i .  Io d .  a a 3  l v .
Syr. Simplex 3  ,1*
Aq. ad. —  *
m
S i g . 3 j y .  t . i . d .  ex aq. p #c .
Treatment o f  C o m p l i c a t i o n s  due to the Toxin o f  D ip h th e r ia .
(a) Cardiac P a r e s i s .  When during the  p a t i e n t * s  s t a y  
in  h o s p i t a l ,  an e l e v a t io n  of  the pu lse  rate  o f  more than 10 
b e a t s  per  minute was observed,  the p a t i e n t  was kept ly in g  
f l a t  in  bed.  I f  he had been on normal d i e t ,  he was put on 
f l u i d s  u n t i l  the pu lse  r a te  had f a l l e n .  The p a t i e n t s  were 
examined f r e q u e n t ly  in  order to  determine the tone o f  the
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h e a r t  m uscle ,  and to d e t e c t  any arrhythmia whioh might 
he p r e s e n t .  I f  no marked ev idence  o f  card iac  d i s e a s e  
was foun d ,  th e  p a t i e n t  was kept l y in g  down f o r  one week 
a f t e r  h i s  p u lse  r a t e  had returned to  normal. T h erea f ter  
he was brought to  a s i t t i n g  posture  in bed by p i l l o w s  and so 
on u n t i l  he could g e t  up from bed.
When a d e f i n i t e  arrhythmia developed,  the p a t i e n t ,  in 
a d d i t i o n  to  the treatment d e t a i l e d  above, was g iv en  i  o . c .  
a d r e n a l in  hydrochlor ide  so lu t io n  1/1000 4 -hou r ly  u n t i l  the  
normal rhythm was r e s t o r e d .  The f o o t  o f  the bed was 
e l e v a t e d  on b l o c k s .
In acute  cardiac  f a i l u r e s ,  the p a t i e n t  was immediately  
g iv e n  .5  c . c ! s o f  1/1000 s o lu t io n  adrenal in  h y d ro ch lo r id e ,  the 
f o o t  o f  the bed was e l e v a t e d ,  and oxygen was g iv en  c o n t in u o u s ly .  
No food was g iv en  by mouth, but the p a t i e n t  was g iven  s p i c u l e s  
o f  i c e  to  c o o l  h i s  mouth. This treatment was p e r s i s t e d  in  f o r  
a t  l e a s t  24 hours .  I f  the p a t i e n t  had improved, some f l u i d s  
were a l low ed  by mouth, but I f  not ,  r e c t a l  g lu c o se  was g i v e n .
This  treatm ent  was then p e r s i s t e d  in  u n t i l  the p a t i e n t  had 
improved s u f f i c i e n t l y  to  be allowed some f l u i d s  by mouth. The 
reason  f o r  the stopping of  ora l  f eed in g  i s  th a t  one o f  the  
c a r d in a l  symptoms of cardiac  f a i l u r e  in  d iphther ia  i s  v o m it in g .  
I f  no food  i s  put in to  the stomach, the r i s k  o f  vomiting i s
l e s s e n e d .
(b) P a l a t a l  P a r e s i s .  As soon as t h i s  com p lica t ion  was 
record ed ,  the  p a t i e n t  was kept in the recumbent p o s i t i o n  u n t i l
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one week a f t e r  h i s  speech had returned to  normal* While 
s u f f e r i n g  from t h i s  p a r e s i s ,  he was g iven  a f l u i d  d i e t  
which was adm in is tered  to  him by nurse ,  who took eare  th a t  
none o f  the  food  passed in to  the r e s p ir a t o r y  t r a c t *  The 
p a t i e n t  was g r a d u a l ly  brought to the s i t t i n g  p o s i t i o n ,  and 
f i n a l l y  a l low ed  to  g e t  up from bed.
(c)  Albuminuria. This was t r e a ted  by the p a t i e n t 1 s 
be ing  g i v e n  a d i e t  c o n s i s t i n g  mainly of  f l u i d s ,  carbo-hydrate  
and m i lk .  Return to  normal d i e t  was gradual and was on the  
l i n e s  f o l lo w e d  in  the nursing of  acute n e p h r i t i s .
(d) Ocular P a r e s i s .  This occurred in s i x  p a t i e n t s ,  
a l l  o f  whom were in the same ward a t  the same t im e .  The 
p a r e s i s  took the form of  a th ir d  nerve p a l s y ,  with  e x te r n a l  
s t r a b i sm u s ,  d i p l o p i a ,  d i l a t e d  p u p i l s ,  l o s s  o f  power o f  
accommodation and no r e a c t io n  to l i g h t .  The s i x  p a t i e n t s  
were kept  t o g e t h e r  In the convalescent  part of the ward, which 
was darkened.  They were kept ly in g  f l a t ,  fed  on f l u i d s ,  
and were not  al lowed to  read .  They a l l  reco vered .  No 
p a t h o l o g i c a l  c o n d i t io n  o f  the r e t in a  or op t ic  nerve was seen  
on ophthalmoscopic examination.
Treatment o f  the com p l ica t ion s  due to  serum.
(a) Serum Rash. The p a t i e n t  was g iven J to  1 e . c .  o f  
1/1000  a d r e n a l in  hydrochloride s o l u t i o n ,  and c o o l in g  
a p p l i c a t i o n s  of  oalaraine l o t i o n  or methylated s p i r i t  were 
a p p l i e d .  At the same t ime,  calc ium gluconate  (10 g r a .  t . i . d . )
was a l s o  g i v e n .
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(b) A r t h r i t i s .  This was trea ted  by sodium s a l i o y l a t e  
and sodium bicarbonate  a 5 g r .  5 -  10 q . i . d .  In t h i s  c a se  
the  pain  in the ankle j o i n t s  was very s e v e r e ,  a cage being  
used to  t sk e  the weight  o f  the b lan kets  from the f e e t .  The 
a n k le s  were rubbed with methyl s a l i c y l a t e  end wrapped In 
c o t t o n  w o o l .  Recovery was complete .
(o) Albuminuria.  The two c a se s  which developed t h i s  
c o m p l ic a t io n  a l s o  had an accompanying serum r a sh .  .5  c . o f s 
o f  a 1 /10 0 0  s o l u t i o n  o f  adrenal in  hydrochloride was g iv en  
su b cu tan eou s ly  every  four hours u n t i l  the albuminuria had 
e le a r e d  up.
(d) A d e n i t i s .  This involved the c e r v i c a l  g la n d s .  The 
p a t i e n t  was g iv en  adrena l in  .5 c . c ’ s 4 -h o u r ly .  The c o n d i t io n  
was cured in three  days .
(e) Serum Acoident or Shock. This occurred in  two 
c a s e s  and was t r e a t e d  by e l e v a t io n  o f  the f o o t  o f  the bed,  
in tram uscular  i n j e c t i o n  o f  .5  c . c .  1/1000 adrenal in  
h yd roch lor id e  s o l u t i o n ,  repeated  in 30 minutes and In one 
h o u r ’ s t im e ,  and adm in is tra t ion  of  oxygen.
S t r a i n s  o f  C. Diphtherias recovered from the 1 ,0 00  C a ses .
The l i t e r a t u r e  on the var ious  s t r a i n s  found i s  
abundant. Anderson e t  a l ,  (1931) found in Leeds that  the  
G ravis  s t r a i n  predominated. Carter (1933 and 1936) found 
the In term ed ia te  type to  be the most common in the Glasgow 
a r e a .  In 1936, Carter reported f o r  the f i r s t  time In the  
Glasgow area the p r e s e n c e  of the two ty p e s ,  named i v  and v i
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by Wright and C h r i s t i s o n  (1935)•  These observers  used 
McLeod’ s T e l l u r i t e  Medium (1931) . In B e lv id e re  H o s p i t a l  
the  medium used was tha t  o f  Kerrln and Gaze (1936) • A l l  
c u l t u r e s  were t e s t e d  fo r  t h e i r  biochem ical  and haem olytlc  
r e a c t i o n s  and f o r  t h e i r  growth in b roth .  To d i f f e r e n t i a t e  
between ty p es  i v  and v i ,  animal v iru len ce  t e s t s  were 
n e c e s s a r y .
Taking o f  the Swab.
Many p a t i e n t s  are swabbed and a negat ive  r e s u l t  i s  
r e tu rn ed  when the c l i n i c i a n  i s  sure that  the case  i s  
d i p h t h e r i a .  The reasons fo r  t h i s  may be:-
(a) The case  i s  not d ip h th er ia .
(b) There i s  f r e q u e n t ly  present  a good dea l  of
exudate which i s  s tap hy lococca l  or s t r e p t o c o o c a l  
in o r i g i n .
(c)  The nurse f a l l s  to swab the membrane because of  the
r e s i s t a n c e  of the p a t i e n t .
Swabbing a p a t i e n t  i s  an operation in which the doctor  
tak in g  the swab req u ire s  the help o f  a nurse.  The d o c to r  stands  
a t  the s id e  of  the bed on the p a t i e n t ’ s l e f t  with a tongue  
d e p r e s so r  in  h i s  l e f t  hsnd, the swab in the r i g h t .  The nurse i s  
at  the  o p p o s i t e  s ide  of  the bed, a p e n c i l  torch in  her l e f t  hand,  
her r i g h t  hand steadying the p a t i e n t ' s  head. The p a t i e n t ' s  
mouth i s  opened, the l i g h t  shone in to  the back o f  the mouth, the  
amount o f  membrane noted and then swabbed.
Immediately t h i s  had been done i t  was in o c u la ted  on to
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a L o e f f l e r ’ s egg medium s lope  (1884) and, a t  the  same t im e ,
on t o  a p l a t e  o f  Kerrin and Gaze medium. These were then
lnouhated  a t  37°C. f o r  24 hours before  being examined. I f ,
a f t e r  t h i s  p e r io d ,  the c u l t u r e s  on these  media were n e g a t i v e ,
th e y  were re incubated  f o r  a fur ther  24 hours, when they  were
r e -exa m in ed .  In the meanwhile, a second swab had been taken
a f t e r  th e  f i r s t  n e g a t iv e  had been re turned .  The second
c u l t u r e s  were subjected  to the same treatm ent .  I f  the r e s u l t
were n e g a t i v e  from a l l  the c u l t u r e s ,  a th ird  swab was taken
and a l l  s i x  Cultures  were Incubated. Each c u l tu r e  was
examined a t  the  end of 24 hours u n t i l  I t  had been in the
in c u b a to r  f o r  72 hours .  I f  a t  the end o f  t h i s  per iod  a l l  had
been r ep o rted  n e g a t i v e ,  the  swab was reported as n e g a t i v e .  I f
a p o s i t i v e  c u l t u r e  was obta ined ,  i t  was t e s t e d  f o r  i t s  growth
in b r o t h ,  i t s  b iochem ica l  and haemolytic r e a c t i o n s .  I f  the
r e s u l t  were s t i l l  doubtfu l  when these  r e s u l t s  were c o r r e l a t e d
w i th  the  c o lo n y  appearance on the t e l l u r i t e  medium, the
c u l t u r e  was sent  f o r  a v iru le n c e  t e s t .
P re p a ra t ion  o f  the Medium of  Kerrln and Gaze.
A. O ne-and-a-ha lf  pounds of  minced ox heart  muscle i s
added t o  1 ,0 00  c . c ’ s o f  tap water and the mixture heated
to  48°C. and kept at  th a t  temperature fo r  one hour. The
j u i c e  i s  then squeezed out through muslin and f i l t e r e d
through ohardin f i l t e r  paper in the i c e  c h e s t .  The volume
i s  no t  made up w ith  water.  To every 1 ,000 c . c ’ s o f  t h i s
f i l t r a t e ,  20 grammes of  W i t t e ’ s peptone and 5 grammes of
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Sodium Chlor ide  A.R. are added* The mixture i s  now heated  
to  45 C. and kept a t  that  temperature u n t i l  a l l  the peptone  
and s a l t  are d i s s o l v e d .  The pH of  the mixture i s  a d ju s te d  
as f o l l o w s : -
50 o . c ’ s o f  the mixture are heated to  80-90°C. fo r  
5 -10  m in u te s .  The mixture i s  f i l t e r e d  through paper and 
a l low ed  to  c o o l .  The amount of  N / l  NaOH required to  br ing  a 
q u a n t i t y  o f  the mixture to  a pH of 7 .6  i s  c a l c u l a t e d  and added.  
The mixture i s  now f i l t e r e d  through chardin paper and then 
through a s e l t z  5 .K .  f i l t e r  d isc  in to  a s t e r i l e  f l a s k .  The 
f i l t r a t e  i s  s to r e d  in 100 c . c  f l s s k s  and t e s t e d  f o r  s t e r i l i t y  
by in c u b a t in g  fo r  24 hours at 37° C.
B. A 5 per c e n t ,  so lu t io n  of agsr i s  made in w ate r .
The r e a c t i o n  o f  t h i s  does not require to be a d ju s te d .  
Q u a n t i t i e s  o f  100 c . c ' s  are placed in 250 c . c ’ s f l a s k s  and 
a u to c la v e d  a t  115° C. fo r  20 minutes.
C. A 1 per c e n t ,  so lu t ion  of  potassium t e l l u r i t e  (B.D.H.):
i s  made in  d i s t i l l e d  water.  This must be f r e s h l y  prepared.
D. a q u a n t i ty  of  ox serum i s  s t e r i l i z e d  by f i l t r a t i o n .
To 100 c . c ’ s o f  mixture (A),  8 c . c ’ s o f  the
potassium  t e l l u r i t e  s o lu t io n ,  15 c . c ’ s o f  s t e r i l e  ox serum,
2 grammes o f  saccharose (B.D.H. and A.R.) and 2 c . c ’ s o f  
Andrade’ s in d ic a t o r  are added , The mixture i s  heated to  
75-80°C. and kept at that temperature fo r  10 minutes .  During 
t h i s  h e a t in g  the mixture should be w e l l  shaken to avoid  
c lumping.  This  mixture i s  now added to  a f l a s k  co n ta in in g
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5 per c e n t ,  agar (B) a t  75° C. and t h i s  mixture i s  kept  
at  th a t  temperature f o r  10 m inu tes .  The medium can now be 
p la c e d  in s t e r i l e  tubes  f o r  s l o p e s  or co o le d  to  45° C. f o r  
p l a t e s .  The f i n i s h e d  product i s  a semi-opaque b u f f -  
co loured  su b s ta n ce .
The appearance of the d iphther ia  c o l o n i e s  when grown 
on t h i s  medium a r e : -
(a) G r a v is .  A f t e r  24 hours ,  a w e l l - s e p a r a t e d  co lony  which 
i s  approxim ate ly  two mms. in d iameter ,  hss a r a i s e d  centre  and 
a s l i g h t l y  i r r e g u la r  edge .  The surface  i s  u s u a l ly  d u l l i s h  
and f i n e l y  g r a n u la r .  The c e n t r a l  part  o f  the co lony  i s  pa le  
grey  w ith  a l i g h t e r  per iphery  which i s  t r a n s lu c e n t  a t  the edge .  
This p er ip h e ry  shows some tendency to r a d i a l  s t r i a t i o n .  A f te r  
48 hours'  incubat ion  the diameter of  the colony i s  increased  
to  3 -5  rams. The cen tre  i s  dark, the per iphery  g r ey ,  and the  
s t r i a t i o n s  are w e l l  marked, g iv in g  a "daisy  head" appearance.
(b) In term ed iu s .  A f te r  24 hours'  incubat ion  they are 
small  umbonate c o l o n i e s  about .5 mm. in diam eter .  The o u t l in e  
i s  r e g u la r ,  the su rface  smooth, the cen tre  dark brown and the  
p er ip h ery  t r a n s l u c e n t .  In 48 hours the s i z e  of  the co lony  has 
in c re a se d  to  1 .5  mms. in d iam eter ,  the brown co lou r  I s  more 
i n t e n s e  and the per iphery  i s  reduced in s i z e .  The edge may be 
s l i g h t l y  i r r e g u l a r ,  and some f i n e  c o n c en tr ic  r in g s  sre  o ften  
seen on the surface  o f  the c o lo n y ,  which may a l s o  be f i n e l y  
g r a n u la r .
(c) M i t i s .  A f te r  24 hours the co lony  I s  about 1 mm. in
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d iam eter ,  low and convex ,  has a r e g u la r  edge and a smooth 
s u r f a c e .  The c e n t r a l  part  i s  b la c k ,  the p er ip h ery  pa le  g r e y .  
In 48 hours the  diameter  has in c re a se d  to  2-3  mms. and the  
c o lon y  i s  much b la c k e r .  The surface  i s  sh iny and only  the  
extreme p er ip h ery  remains a pale  c o lo u r .
B iochem ica l  R eact ions  of the Various S t r a i n s .
S t a r c h . Glycogen 
G r a v i s ............................  *
I n te r m e d iu s .....................
M i t i s ...................................
Type _iv...............................
Type vj. .............................
Growth in B r o th .
G r 8 v i s .............. -  P e l l i c l e  and Granular D e p o s i t .
Intermedius - Granular •
M i t i s .................-  Uniform T u r b id i ty .
Type JLv............ -  P e l l i c l e  and Granular D e p o s i t .
Type vj. ..........-  P e l l i c l e  and Granular D e p o s i t .
Test  f o r  Haemolysis (Hammerschmldt, 1924 and 1925)
G r a v i s . ............ -  Non-Haemolyt 1c •
I n te r m e d iu s . .  -  Non-Haemolytic.
M i t i s . . .  -  Haem olytic .
Type i v ............ -  Non-Haemolytic .
Type . vj............. -  Non-Haemolytic .
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Animal P a t h o g e n i c i t y .
G r a v i s ............... ■»
I n t e r m e d iu s . .  «•
M i t i s .................  ♦
Type _iy   f
Type v l ............
No mention has been made o f  the m ierosoop ica l  
appearances o f  the d i f f e r e n t  s t r a i n s  of  o .  d iphtherias a s ,  in  
ray o p in io n ,  i t  i s  not a r e l i a b l e  t e s t .
A n a ly s i s  o f  the 1 ,000  oases  t r e a t e d  with  r e f in e d  
serum i s  shown ( e x c l u s i v e  o f  n e g a t iv e  o a s e s ) •
Gravis  Intermedius M it i s  Type l v . Type v l
Appearance on 
T e l l u r i t e  Medium 295 + 17 263
Granular f  
P e l l i c l e  in
B r o th .....................   295 + 17
Granular in  
B r o t h .   ............ *. -  263
Uniform T u rb id i ty  
in B r o th .............. ..
Fermentation o f  
Starch and
G lycogen.................  295
H aem oly t ic ..............
P a t h o g e n i c i t y  f o r
Anim als    295 not Not
t e s t e d  t e s t e d
C o n c lu s io n s .
The combination o f  the co lony  appearances on the
374 8 9
8 9
374
374
Not 8
t e s t e d
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medium o f  Kerrin and Gaze, t o g e t h e r  with  the appearance  
in  b r o th ,  the b ioch em ica l  and haemolytic  r e a c t i o n s ,  a f f o r d s  
a c o n c lu s iv e  method, in most c a s e s ,  o f  d i f f e r e n t i a t i n g  
between the d i f f e r e n t  s t r a i n s  o f  o • d iphther ias  • In a few 
o a se s  an animal p a t h o g e n io i t y  t e s t  i s  n ecessary  to  
d i f f e r e n t i a t e  between c e r t a i n  r a re r  types  ( i v  and vl)  •
The in c id en ce  o f  the Gravis s t r a i n  i s  d e f i n i t e l y  
higher  in the  Glasgow area when compared with  the r e p o r ts  
by Carter  (1933 and 1936) and the Glasgow Medical O f f i c e r  
o f  H ea l th*s  Report, 1935 (Knightswood H o s p i t a l ) .
D e t a i l e d  A n a ly s i s  o f  the 1 ,000  Cases t r e a t e d  w ith  Refined
Serum.
1* Age and Sex .
Age Groups 0 -5 6-10 11-20 21-30 31-40 41- 50 51-'
Ms l e  s ............ 93 247 130 42 15 20 5
F em a les . . . . 98 197 109 29 12 3 0
T o t a l ............ 191 444 239 71 27 23 5
Of the t o t a l ,  552 (55.2$)  were males and 448 ( 4 4 . 8 $  
were f e m a l e s .  635 (63.5$)  o f  the p a t i e n t s  were aged 10 or 
under.
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2 .  Age of  P a t i e n t s  and Type o f  C. Diphtherias  recovered  
from Each Case (ex p ressed  f i r s t  as  a Percentage  o f  Age Groups 
and then as a Percentage  o f  Type of  C. Diphtherias •
Age Group s Gravis Intermedius M it i s Aberrant N e g a t iv e .
0 -5
6-10
11-20
21-30
31-40
41-50
51-60
6 1 (3 1 .9 )
133(29 .9 )
84(35 .1 )
14(19 .7 )
3 (1 1 .1 )
56(29 .3 )
122(27.5)
49(20.5)
17(23.9)
14(51 .9 )
5(21 .7 )
68(35 .6)
161(36.3)
85(35 .6 )
38(53 .5 )
6 (2 2 .2 )
11(47 .8)
5(100)
3(1 .55)
7 (1 .6 )
5 (2 .1 )
2 (2 .9 )
3 (1 .55)
21 (4 .7 )
16(6 .7 )
4(14 .8 )
7(30 .5 )
T o ta l 296 263 374 17 51
Age Group s Gravis Intermedius M it i s Aberrant Negative
0 - 5
6-10
11-20
21-30
31-40
41-50
51-60
61(20 .7 )  
133(45 .1 )  
84(28 .5 )  
14( 4 .7)  
3( 1 .0)
56(21 .5 )  
122(46 .3)  
49(18 .6 )  
17( 6 .5)  
14( 5.3)  
5( 1.8)
68 (18 .2 )  
161(43 .1)  
85(22 .7 )  
38(10 .2 )  
6( 1.6)  
11( 2 .9 )  
5( 1.3)
3 (1 7 .6 )
7 (41 .3 )
5 (29 .4 )
2 (1 1 .7 )
3 (5 .9 )
2 1 (4 1 .2 )
16(31 .4 )
4( 7.8)  
7(13 .7 )
T o t a l . 295 263 374 17 51
Of the 0-10  age group, the ages in which the death  
r a te  in  d iphther ia  i s  h ig h e s t  (Graham Forbes ,  1 9 3 2 ) ,  3 0 .9 $  of  
the c a s e s  had Gravis i n f e c t i o n s  and 2 8 .3 $  had In term ed iu s .  These 
two ty p e s  are u s u a l l y  a s s o c i a t e d  with the s e v e r e s t  c l i n l o a l  types  
o f  d i p h t h e r ia .  (Anderson e t  a l  1931)•  From the age o f  40 
upwards, most i n f e c t i o n s  were caused by the M it i s  s t r a i n .
The G ra v is ,  Intermedius and M it i s  s t r a i n s  had t h e i r  
h ig h e s t  inc id en ce  in the 6 -10  age group, the Intermedius having  
the h ig h e s t  percentage  -  4 6 . 3 .  Gravis came next  with  45 .1 ,  and 
M it i s  l a s t  with 4 3 .1 .  Of the Gravis  i n f e c t i o n s ,  6 5 .8 $  
occurred in c h i ld re n  o f  10 and under, and 6 7 .8 $  o f  the
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Interm edius  occurred in t h i s  same age group. With M i t i s ,  
Aberrant and N egat ive  e s s e s ,  the h i g h e s t  p r o p o r t 3on of  
th e se  was found in the  6-20 age groups.
3 .  Dosage o f  Serum given in  the Various Age Groups (expressed  
f i r s t  a s  a Percentage o f  the Age Groups and then as a 
P ercentage  o f  the Number r e c e i v in g  the v ar io u s  doses) .
Age Group. Under 6 ,000  8 
U n i t s .
,0 0 0 -4 0 ,0 0 0
U n i t s .
40 ,000
and
Units  
Over •
0 -5 19 (9.9) 121 (63.3) 51 (26.8)
6-10 41 (9.2) 263 (59.2) 140 (31.6)
11 -20 29 (12.1) lie (49.4) 92 (36.5)
2 1 -3 0 9 (12.7) 32 (45.1) 30 (42.2)
31-40 5 ( I B . 5) 14 (51.8) 8 (29.7)
41-50 6 (26.1) 10 (43.5) 7 (30.4)
51-60 2 (40) 3 (60) -
T o t a l . 111 561 328
0 -5 19 (17.1) 121 (21.5) 51 (15.6)
6 -10 41 (36.9) 263 (46.9) 140 (42.7)
11-20 29 (26.1) lie (21.0) 92 (26.0)
21-30 9 ( 8.1) 32 ( 5 .7) 30 ( 9.1)
31-40 5 ( 4 .5) 14 ( 2 .5) 8 ( 2.4)
41-50 6 ( 5.4) 10 ( 1.8) 7 ( 2 .2 )
51 -60 2 ( 1.9) 3 ( 0*6) -
T o ta l 111 561 328
The oa j o r i t y o f  p a t i e n t s ( 5 6 . 1 $  r e c e iv e d  a dose o f
rum between 8 , 0 0 0  and 40 ,000  un it s . Doses of 40 ,000 u n i t s
over came next  in frequency  and small  doses  o f  l e s s  than 6 ,000  
u n i t s  were used l e a s t  o f  a l l *  The percentage  o f  p a t i e n t s
who r e c e i v e d  d o ses  o f  l e s s  than 8 ,000  u n i t s  in c re a se d  w ith  a g e .  
The percentage  o f  p a t i e n t s  r e c e i v i n g  8 ,0 0 0  t o
•1*>C.
4 0 ,0 0 0  u B i t s  v a r ie d  from age group to  age group,  be ing  
63*3$ in the  0 -5  age group end 4 5 .1 $  in the 21-30  group.
Of* the  p a t i e n t s  who r e c e iv e d  8 ,0 0 0  u n i t s  or over ,  575 (57 • 5 $  
were between the eges  o f  0 - 1 0 .
4 .  Day o f  D isease  c o r r e la t e d  with Type of  C • Diphtherias
recovered  from the case (expressed  f i r s t  8s a percentage  
o f  Cases per  Day of D isease  and then as a Percentage of  
th e  Various Types f o u n d ) •
Day of
D i s e a s e Grav i s  I n t e rmedius M it i s  Aberrant Negat i v e .
1
2
3
4
5
6
7
8
T o t a l .
1
2
3
4
5
6
7
8
T o t a l .
Of the  1 ,000  e a s e s ,  846 (84.6^) had r e c e iv e d  serum treatm ent  
w it h in  four  days from the  onset  o f  t h e i r  i l l n e s s .  Of the  
e a s e s  which had a Gravis i n f e c t i o n ,  only  1 .3 % r e c e iv e d  serum 
©n the  f i r s t  day of  t h e i r  i l l n e s s .  By the end o f  the  f o u r th  
day however, 83 .3^  had r e c e i v e d  serum trea tm en t .  Of the  
In term edius ,  M i t i s ,  Aberrant and Negative  c a s e s ,  8 1 . 2%,
4 (1 1 .8 ) 8 (23 .4 ) 19(55 •9) - 3 (6 .9 )
66 (23 .9 ) 92(33 .3 ) 92(33 .  3) 3 (1 .1 ) 2 3 (6 .4 )
117(32 .7 ) 73 (20 .4 ) 148(41 *5) 7 (1 .9 ) 1 2 (3 .5 )
59(32 .9) 42 (23 .4 ) 62(34 •  6) 3 (1 .6 ) 1 3(7 .3 )
20 (28.9) 33(47.8) 13 (18 .9) 3 (4 .4 ) -
17(24 .6 ) 13 (18 .9 ) 38(55 .1) 1 ( 1 .4 ) -
- 2 (5 0 .0 ) 2 (50 .0) - -
12(100)
295 263 374 17 51
4 (1 .3 ) 8 (3 .0 ) 1 9 ( 5 .;1) 3 (5 .9 )
6 6 (2 2 .4 ) 92(34 .9 ) 92(24 .6) 3 (1 7 .6 ) 2 3 (4 5 .1 )
117(39 .6 ) 73 (27 .4 ) 148(39 •6) 7 (4 1 .2 ) 12 (23 .5 )
59(20 .0) 42 (15 .9 ) 62(16 • £) 3 (1 7 .6 ) 13(25 .5 )
20( 6 .8 ) 3 3 (1 2 .5 ) 13 ( 3 . 5) 3 (1 7 .6 ) -
17( 5 .8) 13 ( 4 .9 ) 38(10 • 1) 1( 6 .0) -
- 2 ( 0.6) 2( 0 .6) - -
12( 4 .1 ) - - -
295 263 374 17 51
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8 5 .8 $ ,  7 6 .4 $  and 100$ r e s p e c t i v e l y  had been g iv en  a n t i t o x i n  
by the end o f  the f o u r th  day o f  i l l n e s s *
6 .  Day o f  D isease  c o r r e la t e d  w ith  the Age o f  the P a t i e n t  
(exp re ssed  f i r s t  as  a Percentage of  the Number of  Cases  
occurr ing  Each Day and secon d ly  as a Percentage o f  the  
Number o f  Cases in Each Age Group.
Day o f
D ise a se  0 -5 6-10 11-20 21-30 31-40 41- 50 51-60
1 4 (1 1 .7 ) 7 (2 0 .6 ) 11(32 .4 ) 6 (1 7 .7 ) 4 (1 1 .7 ) 2 (5 .9 ) ••
2 54(19 .5) 128(46.4) 78(28.3) 10( 3.6) 4 ( 1.5) 2 ( 0 .7 ) -
3 58(16 .2 ) 161(45.1) 74(20 .8) 37(10 .3 ) 13 ( 3.6) 10(2 .8 ) 4 (1 .2 )
4 46(25 .6 ) 79(44 .1 ) 29(16 .1 ) 15( 8 .4) 3 ( 1.7) 6 (3 .4 ) 1 (0 .7 )
5 14(20 .3 ) 35 (50 .7 ) 18(26 .2 ) 1( 1.4) 1( 1 .4) -
6 9 (13 .1 ) 24(34 .8 ) 29 (42 .0 ) 2( 2 .9) 2( 2 .9 ) 3 (4 .3 ) -
7 • - 4(100) - - - - -
8 ___6(50) 6(50) - - - - -
T otal .  191 444 239 71 27 23 5MMMB 1 ' 1 ' —
1 4 ( 2 .1) 7 ( 1.5) 11 ( 4.6) 6( 8.4) 4 (1 4 .8 ) 2 ( 8 .7 ) _
2 54(28 .3 ) 128(28.9) 78(32 .6 ) 10(14 .1 ) 4 (1 4 .8 ) 2 ( 8 .7 ) -
3 58(30 .3 ) 161(36 .3) 74(30 .9) 37(52 .1 ) 13 (48 .2 ) 10(43 .5 ) 4(80)
4 46(2 4 .2 ) 79(17 .9 ) 29(12 .2 ) 15(21 .1 ) 3 (1 1 .1 ) 6 (2 6 .1 ) 1(20)
5 14( 7.3) 35( 7 .9) 18( 7.5) l (  1 .4) 1( 3 .7) -
6 9( 4.7) 24( 5 .4) 29 (12 .2 ) 2( 2 .9) 2( 7 .4) 3 (1 3 .0 ) -
- 7 - 4 (0 .9 ) - - - - -
8 6( 3 .1) 6 (1 .2 ) ----- - MMM. -
Tota l . 191 444 239 71 27 23 5M M MM~ ' "1 M M ■■MB M M
In t h i s  s e r i e s , in the  age groups where the m o r t a l i t y  i s highe s t
(0—10 years)  ,  537 out o f  635 c a se s  had r e c e iv e d serum before
the end of  the fourth  day.  The e a r l i e r  the serum i s  g iv e n ,  the 
b e t t e r  the p r o g n os is  and t h i s  ho ld s  e s p e c i a l l y  in th o se  age 
p e r io d s  mentioned above.  Most of  the oases  that  r e c e i v e d  serum 
very  I s t e  were in the  0-10 age group.
For a l l  age groups,  with the ex cep t io n  o f  the 11-20  
group, the percentage of  c a se s  which came under treatment r o se
.1 3 2
to  a maximum on th e  t h i r d  day o f  i l l n e s s , and t h e r e a f t e r  
became l e s s .  The r a t e  o f  d im inut ion  v a r ie d  i n  the  d i f f e r e n t  
g r o u p s •
6 .  Day o f  D ise a se  c o r r e l a t e d  w i th  Dose o f  Serum g iv e n  
( e x p r e s s e d  f i r s t  as  a Percentage  o f  Cases per  Day and 
se co n d ly  as  a P ercentage  o f  Cases r e c e i v i n g  the  d e f in e d  
Doses) .
Day o f  Under 8 ,000  8 ,0 0 0 - 4 0 ,0 0 0  40 ,000 U n it s
D i s e a s e .  U n i t s .  U n i t s .  and Over.
1 26 (76.5)  4 (11 .75)  4 (11 .75 )
2 46 (16 .7 )  168 (60 .9 )  62 (22 .4 )
3 36 (10 .1)  226 (63 .3)  95 (26.6)
4 2 ( 1 .2)  127 (70 .9 )  50 (27 .9 )
5 1 ( 1 .5)  21 (30 .4 )  47 (68 .1)
6 - 11 (15 .9)  58 (84 .1)
7 -  3 (75 .0)  1 (25 .0 )
8 __ ^  __ 1 J  8 .3 )  11 (91 .7 )
T o t a l .  I l l  561 328
1 26 (23.4)  4 ( 0 .7) 4 ( 1 .2
2 46 (41 .4 )  168 (29.9)  62 (1 8 .9
3 36 (32 .4 )  226 (40.3)  95 (2 8 .9
4 2 ( 1 .9)  127 (22 .6 )  50 (1 5 .2
5 1 ( 0 .9 )  21 ( 3 .8)  47 (1 4 .3
6 - 11 ( 1.9) 58 (1 7 .8
7 - 3 ( 0 .6)  1 ( 0 .3
8  ^   1_( 0 .2 )  11 (3 .4
T o t a l .  I l l  561 328
As the durat ion of  i l l n e s s  lengthened before  the a d m in is t r a t io n  
o f  a n t i t o x i n ,  the dose req u ired ,  in c r e a se d .
In the under 8 ,000 u n i t s  s e r i e s ,  the h ig h e s t  number of  
p a t i e n t s  r e c e i v in g  t h i s  dose did so on the second day o f  
i l l n e s s .  With the 8 ,000 to  4 0 , 0 0 0 , and 40 ,000  u n i t s  and over ,  
the h ig h e s t  number r e c e i v in g  th i s ,  dose did so on the t h ir d  day.
.1*5 <3.
T h e r e a f te r  the percentage  number f e l l  with  the in c r e a s e  o f  
time but the f a l l  was s lower w ith  the over 40,000  u n i t s  
s e r i e  s •
7 .  The Type of  C. Diphtherias recovered  from the In d iv id u a l  
Cases i s  c o r r e l a t e d  w ith  the dose of  Serum given  
(ex p re ssed  as a Percentage o f  Type of C. Diphther ias)  •
Type o f  C•
D i p h t h e r i a .
G r a v i s .
In te r m e d iu s .
M i t i s .
A b erra n t .
N e g a t iv e .
T o t a l .
In the  Gravis i n f e c t i o n s ,  the m ajority  of the p a t i e n t s  (53.2#)  
r eq u ired  a dose o f  serum o f  over 40 ,000 u n i t s ,  4 1 .0 #  required  
d oses  varying between 8 ,000  and 40 ,000 u n i t s  and only a small  
percentage  (5 .8)  were g iven  l e s s  than 8 ,000  u n i t s .  With the  
Intermedius i n f e c t i o n s  s im i la r  f i g u r e s  were obta in ed ,  these  
being  4 8 .7 # ,  46# and 5 . 3 # .  In the M it i s  i n f e c t i o n s  most of  
the o a se s  (75 .1#)  were g iven doses varying between 8 ,000  and 
40 ,000  u n i t s ,  while  1 4 .7 #  and 1 0 .2 #  r e c e iv e d  l e s s  than 8 ,0 0 0  
u n i t s  and over 40 ,000  u n i t s  r e s p e c t i v e l y .  In the aberrant  
c a se s  much the same r e s u l t s  were obta in ed ,  the f i g u r e s  being  
5 8 .9 # ,  1 7 .6 #  and 2 3 .5 # .  In the negat ive  o a ses  4 3 .1 #  were 
g iven  l e s s  than 8 ,000 u n i t s ,  54 .9 #  between 8 ,0 0 0  and 40 ,000  
u n i t s  and 2# over 40 ,000  u n i t s .
The Gravis i n f e c t i o n s  required the h ig h e s t
Under 8 ,000  
U n i t s •
17 ( 5.8)  
14 ( 5.3)  
55 (14 .7)  
3 (17.6)  
22 (43.1)
111
8 ,0 0 0 - 4 0 ,0 0 0  
U n i t s .
121 (4 1 .0 )  
121 (46 .0 )  
281 (75.1)  
10 (58 .9)  
28 (55 .0 )
561
40 ,000  U nits  
and Over.
157 (53.2)  
128 (48.7)  
38 (10.2)  
4 (23.5)  
1 ( 1.9)
328
134
doses  o f  serum. Next in  order came (1) in term edius ,
(2) m i t i s ,  (3) a b e r r a n t ,  and (4) negat ive  c a s e s ,  which 
r eq u ired  l e a s t  o f  a l l .
F a u c ia l  d ip h th er ia  i s  d iv ided  in t o  fou r  d i f f e r e n t  
c l i n i c a l  ty p e s  accord ing  to  the amount of  membrane p r e s e n t .
(a) Mild: Where there  was membrane amounting to  the  s i z e
o f  a threepenny p ie ce  on one or d iv ided  between both  
t o n s i l s ,  th e se  c a s e s  required a dose o f  serum up to
8 .0 0 0  u n i t s  fo r  t h e i r  c u r e .
(b) Moderate: Where the t o t a l  membrane on one or d iv ided
between both t o n s i l s  amounted to the s i z e  o f  a f l o r i n ,  
they  req u ired  a dose of  serum varying between 8 ,0 0 0  and
32 .000  u n i t s .
(c)  Severe:  Where the membrane was presen t  on both t o n s i l s
and had spread on to  the u v u ls ,  these  c a s e s  required  a 
dose o f  serum varying from 3 2 ,000  u n i t s  to  80 ,000  u n i t s .
(d) Haemorrhagic: Where both t o n s i l s ,  uvula and the hard
p a l a t e  were covered w i th  membrane and there  was b le ed in g  
from the edges o f  the membrane, th ese  c a s e s  req u ired  
from 80,000  u n i t s  upwards f o r  t h e i r  c u r e .
8* Type o f  C. Diphtherias recovered  from the D i f f e r e n t
C l i n i c a l  V a r i e t i e s  o f  D ip h th e r ia ,  expressed  as a Percentage
• 135 •
o f  C l i n i c a l C a s e s . C e r v io a l  A d e n i t i s  i s  expressed  as a
P ercentage
C l i n i c a l
o f  C ases .
Type. 
F a u c ia l ;
Gravis Intermedius M it i s Aberrant N e g a t iv e .
(a) Mild 2 4 (1 4 .1 ) 2 0 (1 1 .7 ) 94(54 .9 ) 5 (2 .9 ) 2 8(16 .4 )
(b) Moderate 112(28.9) 103(26 .4) 152(39.4) 8 (2 .1 ) 12(3 .2 )
(c) Severe
(d) Haemor-
68(41 .7 ) 51(31.3) 38(23 .3 ) 2 ( 1 .2 ) 4 (2 .5 )
rhagic 23(47 .0 ) 14(28 .5) 12(24 .5 ) - -
Na s a l 4 (21 .0 ) 2 (1 0 .5 ) 13(68.5) - -
Laryngeal  
F a u c ia l  and
13(65 .0) — 7 (3 5 .0 )
Na s a l  
C e r v ic a l
64(33 .3 ) 73(38.3) 52(27.4) 2 ( 1 .0 ) —
A d e n i t i s 220(74 .6) 160(60.8) 140(31 .6) 6 (35 .3 ) 10(19.6)
T o t a l . 295 263 374 17 61
As the  c l i n i c a l  s e v e r i t y  o f  the case  in c r e a s e d ,  the percentage  
o f  Gravis  and Intermedius i n f e c t i o n s  in c r e a s e d .  As th e se  types  
in c r e a s e d ,  the percentage  of  m i t i s ,  aberrant and n e g a t iv e  c a s e s  
decree s e d .
C e r v ic a l  a d e n i t i s  was common in  d i p h t h e r ia ,  occurr ing  most 
f r e q u e n t ly  in  Gravis i n f e c t i o n s  and decreas ing  in frequency in the 
Interm edius ,  ab erra n t ,  m i t i s  and n e g a t iv e  c a s e s ,  in th a t  order .  
Death and Complication R a t e s .
These f a c t o r s  vary g r e a t l y  in  d i f f e r e n t  s e r i e s .  Anderson 
e t  a l  (1931) found the Gravis s t r a i n  to  be a s s o c i a t e d  w ith  a 
h ig h  death  and co m p l ica t ion  r a t e ,  w h ile  Carter (1936) found the 
in term edius  s t r a i n  to be the type having the h ig h e s t  death and 
com p l ica t io n  r a t e .
Serum r e a c t i o n s  have been d e a l t  w ith  in  prev ious  c h a p te r ,
(a) The f o l lo w in g  t a b l e  shows the Type of  C. Diphtherias
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recovered  c o r r e l a t e d  w ith  the v ar iou s  c o m p l ic a t io n s  observed  
and w ith  the  death r a te  (exp ressed  as  P ercentages  o f  the  number 
of  th e  Types found) .
C o m p lica t io n . G r a v i s . In ter m ed iu s . M it i s  Aberrant N e g a t iv e .
Albuminuria 1 6 (5 .4 )  9 (3 .4 )  B(2.1)  1 (5 .9 )  2 (3 .9 )
Cardiac
P a r e s i s .  2 2 (7 .4 )  12(4 .5 )  2 ( 0 .5 )
P a l a t a l  , ,  1B(6.1) 16(6 .1 )  6 (1 .5 )  1 (5 .9 )  1 (2 .0 )
Ocular , ,  -  6 ( 2 .3 )  -
Death Rate 1 6 (5 .4 )  8 (3 .0 )  3 ( 0 .8 )  1 (5 .9 )  1 (2 .0 )
The Gravis  i n f e c t i o n s ,  with the e x c e p t io n  of the aberrant s t r a in  
( see  below) had the h ig h e s t  com plicat ion  r a t e s ,  with the  
in term edius  c a s e s  coming next  in frequency .  The m i t i s  oases  
had the f e w e s t  c o m p l ic a t io n s .  The c o m p l ica t io n s  shown under 
th e  aberrant  column e l l  occurred in  the same case -  a case of  
Type I v .  The n e g a t iv e  c a s e s  w ith  co m p l ica t io n s  were two very  
i l l  p a t i e n t s  from whom s p e r s i s t e n t  n e g a t iv e  swab was 
o b ta in e d ,  a l thou gh  the c a s e s  were t y p i c a l l y  d ip h t h e r ia .  Three 
o f  the  deaths  were not due d i r e c t l y  to  d ip h t h e r ia .  One was 
due to  a nurs ing a c c id e n t  and two were due to  s e p t i c  
m e n in g i t i s  f o l l o w in g  upon m a s t o i d i t i s .  The two c a s e s  developed  
m a s t o i d i t i s  some weeks a f t e r  admiss ion to  h o s p i t a l .  They f i r s t  
had a s e p t i c  t o n s i l i t i s  then developed o t i t i s  media, which  
progressed  i n t o  m a s t o i d i t i s .  Both c a ses  were operated on f o r  
m a s t o i d i t i s ,  but developed s e p t i c  m e n in g i t i s  and d ie d .
.1 3 7 .
(b) Death and Complication Hates c o r r e l a t e d  w ith  the Age of  the
P a t i e n t  (ex p re ssed  as  Percentage of  the Age Group)•
Age Group. Albuminuria P a l a t a l  Cardiac Ocular Death
_ _ _ _ _  ______________  P a r e s i s  P a r e s i s  P a r e s i s  Hate •
0 - 5  
6-10 
11-20 
21-30  
31-40  
41-50  
51-60
T o t a l .
G e n e r a l ly ,  the percentage  o f  co m p l ic a t io n s  was h ig h e s t  in 
the 0 - 5  age group.
Albuminuria occurred in 4 .2 $  of  oh i ld ren  under f i v e .  
T h e r e a f te r  the percentage  f e l l  u n t i l  the 21-30 group was 
reached ,  where there  was a sharp r i s e ,  even above the 0 -5  f i g u r e ,  
and then i t  f e l l  a g a in .
P a l a t a l  p a r e s i s  was, apart from a s l i g h t  f a l l  in  the
6 -10  age group, a p r o g r e s s i v e l y  more frequent  com plicat ion  with
ag©> up to  the age o f  40.
Cardiac p a r e s i s ,  t y p i f i e d  by r i s e  in  pu lse  r a t e ,  w i th
or w ithout  i r r e g u l a r i t y  of  the rhythm, l o s s  of  tone o f  the
h e a r t ,  muscles  and s o f t n e s s  of the p u l s e ,  was most f r e q u e n t ly  
found in  the  0 - 5  age group. The inc idence  rose in the 11-20  
and the 31-40 age groups ,  but was never so high as in the f i r s t  
age group.
Ocular p a r e s i s  occurred most f r e q u e n t ly  in the 0 -5
age group.
Death r s t e  was h ig h e s t  in the very young. I t  f e l l
8 (4 .2 )
1 7 (3 .8 )
4 (1 .6 )
6 (8 .5 )
1 (3 .7 )
7 (3 .7 )
1 6 (3 .6 )
1 2 (5 .0 )
4 (5 .6 )
3 (11 .1 )
10(5 .2 )
1 2(2 .7 )
1 0 (4 .2 )
3 (4 .2 )
1 (3 .7 )
3 ( 1 .6 )
3 (0 .7 )
1 1 (5 .8 )
8 (1 . 8)
9 (3 .8 )
1 (1 .4 )
36 42 36 29
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in  the  6 -10  group but rose  again  in the 11-20 group, but not  
so high as  in  the 0 - 5  group.
(c) Death and Com plicat ion  Rates c o r r e la t e d  with Day of  Disease  
( e x p re ssed  as  Percentages  of  Day of* Disease)  •
Day, of  
Disea se
Albuminuria
•
P a l a t a l
P a re s ia
Cardiac
P a r e s i s
Ooular
P a r e s i s
Death 
Rate •
1 1 (2 .9 )
2 3 (1 .2 ) 7 (2 .7 ) 4 (1 .6 ) - 1(0 .4 )
3 7 (1 .7 ) 10(2 .8 ) 8 (2 .2 ) 4 (1 .1 ) 7(1 .7)
4 14 (7 .8 ) 12(6 .7 ) 10(5 .6 ) 2 (1 .1 ) 6 (3 .4 )
5 10(14 .6 ) 8 (11 .6 ) 4 (5 .8 ) - 6 (8 .7 )
6 2 ( 2 .9 ) 5 (7 .3 ) 6 (8 .7 ) - 6 (8 .7 )
7 - - 1(25 .0 ) - 1(25 .0 )
8 - - 2(16 .7 ) - 2(16 .7 )
Tota l  • 36 42 36 6 29
As the time before  treatment was commenced in c r e a se d ,  so did  
the in c id en ce  of  co m p l ic a t io n s  i n c r e a s e .  In a l l  c o m p l ica t ion s  
(w ith  the e x c e p t io n  of the cardiac  p a r e s i s )  the inc idence  
in c re a se d  up to  the f i f t h  day. T hereafter  the inc id en ce  of  
c o m p l ic a t io n s  became i r r e g u l a r .  This  was probably due to  some 
o f  the c a s e s  be ing  very mild and having been swabbed by the 
p r a c t i t i o n e r  because o f  some small  patch becoming apparent .
(d) Death and Complication Rates c o r r e l a t e d  w ith  the C l i n i c a l
Types of  Diphtheria  (expressed  as  P ercentages  o f  C l i n i c a l  Types)
C l i n i c a l  Albuminuria P a l a t a l  Cardiac Ocular
Type P a r e s i s  P a r e s i s  P a r e s i s
3 ( 1 . 8)
4 ( 1 . 0)
7 (4 .3 )
Pa uo i a l :
(a) Mild 2 (1 .2 )
(b) Moderate 3 (0 .8 )
(c) Severe 5 (3 .1 )
(d) Haemor-
rhagic  13(26 .5 )  14(28.7)  14(28 .7)
N ssa l  
Laryngeal  
F a u c ia l  and
Nasal  13 ( 6.8)
T o t a l .  68
1 (0 .6 )  6 (3 .6 )
4 (20 .0 )
14(7 .3 )  17(8 .9 )
42 36
Death 
Rate •
1 (0 . 6)
16(32.7)
2 ( 1 0 . 0)
1 0(5 .2 )
29
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With the e x c e p t io n  o f  the moderate f a u c i a l  c a s e s ,  a s  the  
c l i n i c a l  s e v e r i t y  o f  the  case  in c r e a s e d ,  so did the  
In c id en ce  o f  c o m p l ic a t io n s .  The f a u c i a l - n a s a l  c a se s  
occupied  an In term ediate  p o s i t i o n  between severe  and 
haemorrhagic f a u c i a l  c a s e s  when c ons id ered  in  terms o f  
c o m p l i c a t io n s .
Cardiac co m p l ic a t io n s  occurred in  20% o f  the c a s e s  
of  l a r y n g e a l  d ip h t h e r ia .
Dose o f  Serum.
The tendency I s  t o  increased  dosage .  This has been 
made more e a sy  t h r o u g h  t h e  serum being a v a i la b l e  in  
concen tra ted  form. Park (1921) advocated 5 0 ,0 0 0  u n i t s  as  
the  l a r g e s t  dose o f  serum th a t  should be g i v e n .  BIe(1922)  
gave up t o  3 4 0 ,0 0 0  u n i t s  with good r e s u l t s .  In London 
( p r i v a t e l y  communicated) la rg e  doses  up to 4 0 0 ,0 0 0  u n i t s  
h8ve been g i v e n .  I n  the s e r i e s  under c o n s id e r a t io n  the  
l a r g e s t  dose g iv en  was 3 1 2 ,0 0 0  u n i t s  (with r e c o v e r y ) .
Park (1921) was o f  the opinion that  one large  dose 
should be s u f f i c i e n t  f o r  a c a s e ,  but Bie (1922) 8nd Friedmann 
(1922) thought that  a d d i t io n a l  doses  should be g iven I f  
n e c e s s a r y .  In  the 1 ,0 0 0  c a ses  d e a l t  w i th ,  second, t h ir d  
end fo u r th  d oses  were g i v e n .  This  should be done,  because  
f r e q u e n t l y  w ith  Gravis and Intermedius c a ses  which have  
r e c e iv e d  a la r g e  i n i t i a l  dose the membrane spreads r a p id ly  
i n s t e a d  o f  d im in i sh in g .  I f  a f t e r  24 h o u r s  f rom the time of 
t h e  a d m in is tra t io n  o f  t h e  serum t h e  membrane I s  s t i l l
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sp rea d in g ,  more serum should be g i v e n .  0f  the  1 ,0 0 0  c a se s  
t r e a t e d ,  205 had two i n j e c t i o n s  of  serum, 44 tied t h r e e  and 
5 had fo u r  separate  i n j e c t i o n s .
An A n a ly s i s  of  the Groups of  CBBes 
t r e a t e d  according to the D i f f e r e n t  
Boutes  of  Adm inistrat ion of  t h e  Derum.
1* Intravenous*.
Method o f  A dm in ister ing  the Serum i n t r a v e n o u s l y .
A 10 c . c .  s id e  nozzled  (record) syr inge  was used .  The 
ampoule c o n ta in in g  the serum w b e  heated in water to  b lo o d -h e a t .  
The p a t i e n t ’s  arm was c leansed  with  methylated s p i r i t ,  dried  
and held  f l a t  on the bed. Pressure  on the upper arm was 
e x e r te d  by the hand of  the s iB t e r  i n  charge of  the ward*. This  
was a p p l ied  f o r  30-60 seconds and th e  p a t i e n t  t o ld  to  open and 
shut h i s  hand. The serum was then s low ly  in j e c t e d  in to  the  
c ep h a l ic  or b a s i l i c  v e in ,  about 2 c . c ’ s o f  serum per minute.
The p a t i e n t  was kept under c l o s e  observat ion  f o r  any Bign of  
serum r e a c t i o n .
A n a ly s is  o f th e  150 c a se s  t r e a t e d .
(1) Age and Sex
Age Groups 0- 5 6 -10  11—20 21—50 51— 40 41—50 51—50
Male s 15  41 17 7 2 3
Females 16 27 15  6 2  1  —
T ota l*  29 68 52 13 4 4
. 141.
Of the t o t a l ,  83 (55.3^) were males and 67 ( 4 4 . 7 $  were 
f e m a le s ,  97 (64 .7$)  o f  the p a t i e n t s  were in  the 0 -10  age 
group.
(2) Age o f  P a t i e n t  snd Tupe o f  C. Diphtherias recovered  from 
each Case (exp ressed  f i r s t  as  a percentage o f  age groups  
and then as a percentage of Type of  C- D iphtherias)*
Age Groups Gravis Intermedius M it i s Aberrant N e g a t iv e •
0 - 5 8 ( 2 7 .6 ) 6 ( 2 0 .7 ) 1 4 ( 4 8 .3 ) m 1 ( 3 .4 )
6 - 1 0 1 9 ( 2 7 .9 ) 1 8 ( 2 6 .5 ) 2 8 ( 4 1 .2 ) - 3 ( 4 .4 )
1 1 -2 0 9 ( 2 8 .1 ) 7 ( 2 1 .9 ) 1 5 ( 4 6 .9 ) - 1 ( 3 .1 )
2 1 -3 0 7 ( 5 3 .8 ) 4 ( 3 0 .8 ) 2 ( 1 5 .4 ) - -
3 1 - 4 0 2 ( 5 0 .0 ) 1 ( 2 5 .0 ) 1 ( 2 5 .0 ) - -
4 1 -5 0 - 2 ( 5 0 .0 ) 2 ( 5 0 .0 ) - -
5 1 -60 - - - -
T o t a l . 45 36 62 — 5
0 - 5 8 ( 1 7 .8 ) 6 ( 1 5 .8 ) 1 4 ( 2 2 .6 ) - 1 (2 0 .0 )
6 -1 0 1 9 ( 4 2 .2 ) 1 8 (4 7 .4 ) 2 8 ( 4 5 .2 ) - 3 ( 6 0 . 0 )
1 1 -2 0 9 ( 2 0 .0 ) 7 ( 1 8 .4 ) 1 5 (2 4 .2 ) - 1 (2 0 .0 )
2 1 -3 0 7 ( 1 5 .6 ) 4 ( 1 0 .5 ) 2 ( 3 .2 ) - C*
3 1 -4 0 2 ( 4 . 4 ) 1 ( 2 .6 ) 1 ( 1 .6 ) - -
4 1 -5 0 - 2 ( 5 . 3 ) 2 ( 3 . 2 ) - -
51-60 - - - - -
T o t a l . 45 38 62 - 5
Of the 0 -1 0  age groups,  27 .8^  had g r a v i s  i n f e c t i o n s  and 2 3 .6 $  
in te r m e d iu s .  There was a high inc id en ce  o f  the g r a v i s  s t r a i n  
in  the 21-30  age group, where i t  was 5 3 .8 $ .  Of four  c a s e s  
in  the  41-50 age group, two were of  the interm edius and two 
were o f  m i t i s  s t r a i n .
The g r a v i s ,  intermedius and m i t i s  s t r a i n s  had t h e i r  
h ig h e s t  inc id en ce  in  the 6 -10  sge group and t h e r e a f t e r  f e l l  
p r o g r e s s i v e l y  in the  succeeding age groups .  There was a 
s l i g h t  r i s e  in the interm edius  and m i t i s  p ercentages  in the  
41-50 sge group. No aberrant types  were found and f i v e
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c l i n i c a l  e a s e s  o f  d ip h th er ia  had n e g a t iv e  swabs.
(3) Dosage o f  Serum g iv en  in  the Various Age Groups
(ex p r e ss e d  f i r s t  as a Percentage o f  the Age Groups and 
then as a Percentage o f  the Number r e o e iv l n g  the v ar iou s  
Doses) •
Age Group. Under 8 ,000  
U n i t s •
8 ,0 0 0 -4 0 ,0 0 0  
U n i t s •
40 ,000  U nits  
and Over.
0 -5 8 (27 .6 ) 12(41 .4) 9 (3 1 .0 )
6-10 12(17 .7 ) 31(45 .6) 25(36 .7 )
11-20 9 (2 8 .1 ) 16(50 .0 ) 7 (21 .9 )
21-30 2(15 .4 ) 4 (30 .8 ) 7(53 .8)
31-40 2 (50 .0 ) - 2(50 .0 )
41- 50 2 (5 0 .0 ) - 2(5 0 .0 )
51-60 - - -
T o t a l • 35 63 52
Age Group. Under 8 ,000  
U n i t s .
8 ,0 0 0 -4 0 ,0 0 0  
U n i t s .
40 ,000  U n its  
and Over.
0 -5 8(22 .9 ) 12(19.1) 9 (17 .3 )
6-10 12(34 .3 ) 31(49 .2) 25(4 8 .1 )
11-20 9(25 .7 ) 16(25.4) 7(13 .5)
21-30 2 (5 .7 ) 4 (6 .3 ) 7(13 .6 )
31-40 2 (5 .7 ) - 2 (3 .8 )
41-50 2 (5 .7 ) - 2 (3 .8 )
51-60 - - -
T o t a l . 35 65 52
Of the  150 c a s e s  t r e a t e d ,  63 (42.0$) r eo e iv e d  a dose of serum 
varying from 8,000 to  40 ,000  u n i t s .  Doses of  over 40 ,000  
u n i t s  came next in frequency ,  and the s m a l le s t  dose was 
employed l e a s t  of a l l .  In the  21-30 age group 5 3 .8 $  o f  
the c a se s  reo e iv e d  over 40 ,000  u n i t s .
A l l  three  doses  had t h e i r  h ig h e s t  inc idence  of  
a d m in is tra t io n  in  the 6 -10  age group and t h e r e a f t e r  the  
in c id en ce  f e l l  in  the o lder  age groups.
14 3 .
(4) Day o f  D isea se  c o r r e l a t e d  w ith  the type o f  C•
Diphtherias recovered  from the o a s e s  (ex p ressed  
f i r s t l y  as  a percentage  o f  c a s e s  per day, and 
se con d ly  as  a percentage  o f  the v ar io u s  ty pes  f o u n d ) .
Day of  
D ise a se Gravis In t sr n a d iu s M it l s Aberrant N e g a t iv e .
1 1(11 .1 ) 2 (2 2 .2 ) 5 (55 .6 ) .. 1 (11 .1 )
2 I 12 (24 .5 ) 17(34 .6 ) 19(38 .8 ) - 1 (2 .1 )
3 I 15(28 .3 ) 12(22.6) 24(45 .3 ) - 2 (3 .8 )
4 9 (5 0 .0 ) 3 (1 6 .7 ) 5(27 .8 ) - 1 (5 .5 )
5 3 (3 7 .5 ) 1 (12 .5 ) 4(50 .0) - -
6 2 (2 8 .6 ) 1 (14 .3 ) 4 (57 .1 ) - -
7 - 2 (66 .7 ) 1 (33 .3 ) - -
8 3(100 .0 ) - - - ___ -
T o ta l 45 _JJL 62 - 5
1 1 (2 .2 ) 2 (5 .3 ) 5 (8 .1 ) - 1 ( 2 0 . oy
2 12(26 .7 ) 17(44 .7 ) 19(30 .7) - 1(20 .0 )
3 15(33 .3 ) 12(31 .6 ) 24(38 .7 ) - 2 (40 .0 )
4 9 (2 0 .0 ) 3 ( 7 .9 ) 5 (8 .1 ) - 1 (20 .0)
5 3 ( 6 .7 ) 1 (2 .6 ) 4 (6 .4 ) - -
6 2 ( 4 .4 ) 1 (2 .6 ) 4 (6 .4 ) - -
7 - 2 (5 .3 ) 1 (1 .6 ) - -
8 3 (6 .7 ) - - - -
T o t a l . 45 56 62~ - 5
Of the 150 c a se s  t r e a t e d ,  129 (86 .0$)  had been g iven  serum 
b efo re  the end of the fo u r th  day o f  t h e i r  i l l n e s s .  Of the 
G ravis  i n f e c t i o n s  only  2 . 2 $  had r e c e iv e d  a n t i t o x i n  by the end 
o f  the  f i r s t  day.  By the end of  the fo u r th  day 8 2 .2 $  had 
been g iven  serum tre a tm en t .  For in term edius ,  m i t i s  and 
n e g a t iv e  c a se s  the f i g u r e s  were 5 . 3 $ ,  8 . 1 $ ,  20$ and 8 9 .5 $ ,  
8 5 . 6 $ ,  100$ r e s p e c t i v e l y .  No aberrant ty p es  were found in  
t h i s  group of c a s e s .
(5) Day o f  D ise a se  c o r r e la t e d  w ith  the  Age o f  the P a t i e n t  
(ex p re ssed  f i r s t  a s  a percentage of  c a s e s  per day and 
secondly  as a percentage  of  the number o f  oa ses  in  each
fige group) .
Day o f  0 -5  6 -10  11-20 . 21-30  31-40 41-50 51-60
D isease*
1
2
3
4
5
6
7
8
Tota l
1
2
3
4
5
6
7
8
T ota l
Of the 150 c a s e s ,  97 were under the age of  e l e v e n ,  and or t h i s  
97 ,  81 had r e c e iv e d  serum treatment by the end o f  the fourth  
day o f  t h e i r  i l l n e s s .  Three c a s e s  in  the 6-10 group did not 
r e c e i v e  serum treatm ent u n t i l  the 8 t h .  day of t h e i r  i l l n e s s .
In a l l  a g e s ,  with the e x cep t ion  o f  the 21-30 and 41-50  
age groups ,  the percentage  number of  oases  sent  to  h o s p i t a l  
rose  t o  a maximum on the  th ir d  day o f  i l l n e s s  and t h e r e a f t e r  
f e l l .  In the 21-30  group the maximum was reached by the  
second day, and in the 41-50 group the percentage was the 
same on the f i r s t ,  second, th ir d  and fo u r th  days.
2 (2 2 .2 )  2 (2 2 .2 )  3 (3 3 .4 )  1 (11 .1 )  -  1 (11 .1 )
9 ( 1 8 .6 ) 2 2 ( 4 4 . 9 ) 1 0 ( 2 0 .1 )  6 (1 2 .2 )  1 (2 .1 )  1 (2 .1)  
1 0 ( 1 8 .8 ) 2 5 ( 4 7 . 2 ) 1 0 ( 1 8 .8 )  4 (7 .6 )  3 (5 .7 )  1 (1 .9 )
5 (2 7 .8 )  6 (3 3 .3 )  4 (22 .2 )  2 (11 .1 )  -  1 (5 .6 )
2 (2 5 .0 )  3 (3 7 .5 )  3 (3 7 .5 )  -
1 (1 4 .3 )  4 (57 .1 )  2 (2 8 .6 )  -
3(100) -
 -  J 3 U ° 0 )  ___ -   1   “  -
29 68 32 13 _4__ 4
2 ( 6 .9 )  2 (2 .9 )  3 ( 9 .4 )  1 (7 .7 )  - 1 (25 .0 )
9 (3 1 .1 )2 2 (3 2 .4 )  10(31.2)  6 (46 .1 )  1 (25 .0 )  1 (25 .0 )
1 0 ( 3 4 .5 ) 2 5 ( 3 6 .8 ) 1 0 ( 3 1 .2 )  4 (30 .8 )  3 ( 7 5 . 0 ) 1 ( 2 5 . 0 )
5 (1 7 .2 )  6 (8 .8 )  4 (12 .5 )  2 (1 5 .4 )  -  1 (25 .0)
2 ( 6 .9 )  3 (4 .4 )  3 (9 .4 )  -
1 (3 .4 )  4 (5 .9 )  2 (6 .3 )  -
3 (4 .4 )  - -
3 (4 .4 )  - -
29 68 32 13
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Day o f  
Dlsea so
1
2
3
4
5
6
7
8
T ota l
1
2
3
4
5
6
7
8
T o ta l
Under 8 ,0 0 0  
Units*
9 (1 00 .0 )
15 (30 .6 )
11(20 .7 )
8 ,0 0 0 - 4 0 ,0 0 0
U n i t s .
24 (49 .0 )
24 (4 5 .3 )
9 (5 0 .0 )
3 (3 7 .5 )
3 (100 .0 )
40 ,0 0 0  U n its  
and Over.
10(20 .4 )
18(34 .0 )
9 (5 0 .0 )
5 (62 .5 )
7 (100 .0 )
3(100 .0 )
35
9 (2 5 .7 )
15(42 .9 )
11(31 .4 )
35
63
24(38 .1 )
24(38 .1 )
9 (14 .3 )
3 (4 .75 )
3 (4 .75 )
63
52
10(19 .3)
18(34 .6)
9 (17 .2 )
5 (9 .7 )
7 (1 3 .4 )
5 (5 .8 )
52
Delay in d iagnosing  the d i s e a s e  l e d  to la r g e r  doses of  serum 
having to  be g iv e n .
The m ajor i ty  of  p a t i e n t s  who r e c e iv e d  l e s s  than 8 ,000  
u n i t s  o f  serum did  so on the second day of d i s e a s e .  Of the  
p a t i e n t s  who r e c e iv e d  8 ,000  to  40 ,000  u n i t s  or more than 40 ,000  
u n i t s ,  the  m a jo r i ty  in the f i r s t  s e r i e s ,  were g iv e n  serum on 
the second day, and in the l a t t e r  group, on the th ir d  day.  
T h er ea f ter  the numbers d ecreased .
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(7) Type of C. Diphtherias recovered  from the i n d iv id u a l
c a s e s  c o r r e la t e d  with  the dose of  serum given
(exp re ssed  as a percentage o f  Type o f  C. D iphther ia© ) .
Type. o f  C. Under 8 ,0 0 0  8 ,0 0 0 - 4 0 ,0 0 0  40 ,000 U n its
Diphtheriae .  U n i t s . U n i t s .  and Over.
Gravis  4 (8 .9 )  17(37 .8 )  24(63 .3 )
Interm edius 5 (1 3 .2 )  15(39 .6 )  18(47 .2 )
M it i s  25 (40 .3 )  28 (45 .2 )  9 (14 .5 )
Aberrant -
N egat ive   1 (20 .0 )   3j_60.0)  1(20.0)
T o t a l .  35 65 52
In the g r a v i s  i n f e c t i o n s  most of  the p a t i e n t s  ( 5 3 .3 $  required  
over 40 ,000  u n i t s  o f  serum. 37.8/o and 8 .9 $  required  8 ,000  -
40 ,000  and l e s s  than 8 ,000  u n i t s  r e s p e c t i v e l y .  With the  
in term edius  i n f e c t i o n s  s im i la r  f i g u r e s  were o b ta in ed .  In the 
m i t i s  and n e ga t ive  c a ses  the h ig h es t  percentage of  these  
required  between 8 ,0 0 0  and 40 ,000  u n i t s  of serum.
(8) Type of  C • Diphtheriae recovered from the d i f f e r e n t
C l i n i c a l  v a r i e t i e s  o f  d iphther ia  (expressed  as a 
percentage  o f  c l i n i c a l  t y p e s .  C e rv ic a l  a d e n i t i s  i s  
expressed  a s  a percentage  of c a s e s  with each s t r a in  
o f  C. Diphtheria)  •
a-47.
C l i n i c a l
"Type. G ra t i s  Intermedius M it i s  Aberrant Negative
)Fauc i a l ;
(-a) Mild 8 (2 3 .5 )  6 (17 .6 )  17(50*0) -  3 (8 .9 )
(■b) Moderate 9 (2 0 .5 )  7 (1 5 .9 )  .27(61*4) -  .1(2.2)
(c) Severe 10(40 .0 )  4 (16 .0 )  10(40 .0 )  -  l(-4.0)
(d) Haemorr-
-hagic 8 (42 .1 )  7 (3 6 .8 )  4 (21 .1 )
N asa l  2 (1 0 0 .0 )
.Laryngeal  
P’auc.ial  and
.Ba.aal 8(30 .8)  14(53 .8)  4 (15 .4 )
C e r v ic a l
A d e n i t i s  5 2 ( 71.1) 2 0 (5 2.6) 2 5 ( 40.3) -   j-
TToiial. 45 58 62 5
C* diphtheriae g r a v i s  and intermedius were a s s o c i a t e d  w ith
the more severe c l i n i c a l  types  of  d ip h t h e r ia .  The
interm edius s t r a i n  was found most f r e q u e n t ly  .in f a u c i a l - n a s a l
on;ses« I h e  percentage  inc idence  of o e r v i c a l  a d e n i t i s  was
h i g h e s t  w i t h  g r a v i s  i n f e c t i o n s ,  . lowest with  m i t i s  and
the in term edius  occupied the interm ediate  p o s i t i o n .
.Baath -and G omp.11 ca ti on Kates.
(a) Dype of  C* Diphtheriae recovered c o r r e la te d  w i t h  the var iou s
c o m p l ica t io n s  observed end the death r a te  (expressed  as  a
■percentage o f  the number of  the v a r io u s  ty p es  found) . 
C om p lica t ion . Gravis Intermedius M it i s  Aberrant N e g a t iv e .
Albuminuria 6(13 .3)  4 (1 0 .5 )  3 (4 .8 )  — 2(40*0)
Cardiac P a re ,s i s l0 (2 2 .2 )  6 (15 .8 )  1 (1 .6 )
P a l a t a l  , ,  9 (20 .0 )  7 (16 .4 )  2 ( 3 .2 )  - 1 (2 0 .0 )
Ocular , ,  -  , -  ~ "■
Beath Rate 6 (13 .3 )  4 (10 .5 )  1 (1 .6 )  - 1 (20 .0)
"Tw.o n e g a t iv e  c a s e s  had albuminuria* One had p a l a t a l  p a r e s i s
-and one d ie d .  These two negat ive  c a se s  have been mentioned
b e f o r e .  The case which died., died through an acc ident  in
nursing - a probationer giving the child a sweet which passed
in t o  the  r e s p i r a t o r y  p a s s a g e s ,  and death was due to  
a sp h y x ia .  Gravis  had the next h ig h e s t  inc id en ce  of  
c o m p l ic a t io n s ,  interm edius f o l lo w in g  g r a v i s ,  and m i t i s  
coming l a s t .
(b) Death and Complication Rates c o r r e la t e d  with the age of  the  
p a t i e n t  (expressed  as percentages  o f  the age g r o u p )•
Age Group. Albuminurici P a l a t a l  Cardiac Ocular Death Rate.
P a r e s i s  P a r e s i s P a r e s i s
0 -5 3 (10.4) 2( 6 .9 )  4 (14 .5) 4 (1 4 .5 )
6-10 6 ( 8 .8) 9 (1 3 .2 )  5( 7.3) - 3( 4.4)
1 1 -2 0 2 ( 6.3) 4 (12 .6 )  5(15 .6) - 4 (12 .6 )
21-30 4 (30.8) 2 (1 5 .4 )  2 (1 5 .4 ) - K 7.7)
31-40 - 2 (5 0 .0 )  1 (25 .0 ) - -
41-50 - - - -
51-60 - -
T o t a l • 15 19 17 12
Albuminuria, p a l a t a l  p a r e s i s  and cardiac p a r e s i s  a l l  tended
to  become more frequent with a g e . Albuminuria and cardiac
p a r e s i s  had a high inc id en ce  in the 0 -5  age group, f e l l  in
the 6-10 group and then rose Bgain .  The death ra te  was
h ig h e s t  in the 0 -5  and 11-20 age groups.
(c) Death and Complication Rates c o r r e la te d with Day of  D isease
(expressed  as p ercentages  o f  Dey of  Disease)  •
Day o f  Albuminuria P a la t a l  Cardiac Ocular Death R a te .
D isease  • P a r e s i s  P a r e s i s P a r e s i s
1
2 2 ( 4 .1 ) 4( 8.2) 3( 6.1)
-
1( 2.0)
3 4 ( 7.4) 5( 9.4) 3( 5.7) - 3( 5.7)
4 5 (27.8) 6(33 .3 )  4 (22 .2) - 3(16 .9 )
5 4 (50.0) 3 (37 .5 )  3 (37 .5 ) - 2(25 .0 )
6 1(14 .3)  2 (28 .6 ) - 1(14 .3)
7 _ 1(33 .3 ) - 1(33.3)
8 - 1(33.3) - 1(35.3)
T o ta l . 15 19 17 12
No co m p l ic a t io n s  occurred when the serum was g iven on the f i r s t
.1 4 9 .
day o f  i l l n e s s . The in c id en ce  o f  a l l  c o m p l ic a t io n s  
in c r e a se d  up to  the  end of the f i f t h  day.  P a l a t a l  p a r e s i s  
then f e l l  in  the s i x t h  dsy and no f u r th e r  c a se s  were 
recorded in  the 7 th .  and 8 t h .  days .  Cardiso p a r e s i s  and 
the death r a te  f e l l  in  the s i x t h  day 8nd rose  again in the  
7 t h .  and 8 th .  day.
Death and Complication Rates c o r r e la t e d  w ith  the c l i n i o a l
Type of  Diphtheria  (ex p ressed  as percentages  of  c l i n i c a l  types) •
C l i n i c a l  P a l a t a l  Cardiao Ocular Death Rate.
Type. Albuminuria P a r e s i s  P a r e s i s  P a r e s i s  _____________
F a u c ia l :
(a) M ild .  1( 2 .9)
(b) Moderate 2( 4.5)
(o) Severe 2( 8.0)
(d) Haemor-
r h a g io .  5 (26 .3 )
Nasal  
Laryngeal  
F a u c ia l  and
N a sa l .  5 ( 19.2)
T o t a l .  15_ 19^ 17^ 12
As the c l i n i c a l  s e v e r i t y  of  the case  increased  so did the  
in c id en ce  of  c o m p l ic a t io n s .  F a u c ia l - n a s a l  c a s e s  occupied  
the in term ediate  p lace  between severe and haemorrhagio f a u c i a l  
d ip h th er ia  when considered in  terms of  com plicat ion  and 
death r a t e s .
Dosage of  Serum g i v e n . The number of  c a ses  which r e c e iv e d  a 
dose o f  serum over 32 ,000 u n i t s  was 74,  almost 50$ o f  the  
o a s e s .  24 p a t i e n t s  had two doses o f  serum, four  had three  
d o s e s ,  but none had a fourth  i n j e c t i o n  o f  serum. The 
maximum dose g iv en  was 168,000 u n i t s ,  the minimum 4 ,0 0 0 ,
2( 5.9)  
2( 4.5)  
2 ( 8 . 0)
8 (42 .1 )
5 (19 .2 )
1( 4.0)  
9(47 .4 )
7 (26 .9 )
1( 4.0)  
7(36 .8 )
4 (15 .4 )
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and the  avera ge ,  42 ,500  u n i t s .
Rate o f  Disappearance o f  Membrane/ or D is c h a r g e /  or 
C e r v ic a l  a d e n i t i s .
The maximum time taken f o r  the merabrane/or d i s c h a r g e s /
o f  g land s  to  c l e a r  up was 156 hours .  This case  was a boy of
14 y ea rs  who was g iven serum on the second day of  i l l n e s s .  The
membrane was on both t o n s i l s ,  s o f t  and hard p a l a t e .  The
organism recovered  was of  the g r a v i s  s t r a i n .  The minimum time
was e ig h t  hours; the a verage ,  f o r t y - s e v e n  hours.
Rate o f  Disappearance of  Toxaemia.
Toxaemia was d iv ided  in to  f i v e  s ta g e s :  (1) No toxaemia
(2) M ild ,  (3) Moderate, (4) Severe ,  and (5) Comatose.
Mild Toxaemia -  pu lse  normal in rhythm but s l i g h t l y  quicker
than normal -  up to  90 b e a t s  per minute.  R esp ira t ion  ra te
normal.  Temperature s l i g h t l y  e l e v a t e d  (99° F.) , but
p a t i e n t  able  to  answer verba l  q u e s t io n s .
Moderate Toxaemia - pu lse  - s o f t  and r e g u la r  in  rhythm, but 
f a s t  (120 b e a ts  per minute) . R esp irat ion  r a te  quickened up 
t o  26 per minute.  P a t ie n t  s l i g h t l y  m enta l ly  confused .  
Temperature e l e v a t e d  (100-101°F.)  P a t ie n t  may or may not have 
been s i c k .
Severe Toxaemia -  pu lse  f a s t  or s low, s o f t ,  i r r e g u la r  in 
rhythm. R esp ira t io n  rate  over 26 per minute and p a t i e n t  
s l i g h t l y  cyanosed.  Skin c o ld ,  temperature normal or
s l i g h t l y  subnormal. Frequent s i c k n e s s ,  tongue dry and fu r r e d .
P a t ie n t  m enta l ly  confused .
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Comatose Toxaemia -  p a t i e n t  very drowsy or u n co n sc io u s .
P u lse  f e e b l e ,  i r r e g u l a r ,  f a s t  or s lo w .  R e s p ir a t io n s  f a s t  
and g a s p in g .  Skin co ld  and bathed in p e r s p i r a t i o n .
Temperature subnormal, eyes  sunken and dry.  Frequent  
s i c k n e s s .  Tongue furred on do r sa l  and v e n t r a l  s u r f a c e s .  
Twenty-seven p a t i e n t s  had severe  toxaemia,  s i x t y  moderate,  
f i f t y - o n e  mild and twelve showed no t o x i c  e f f e c t s .  The 
maximum time was taken fo r  the toxaemia to  pass o f f  was
160 hours .  This  oase was a boy aged 8 y e a r s ,  who, although
the membrane and d isch a rges  had o leared  up in 48 hours ,  
s t i l l  remained t o x i c .  The organism recovered was of the
g r a v i s  s t r a i n .  The minimum time was 12 hours,  the average -
40 hours .
2 Intramuscular  and Intravenous I n j e c t i o n .
250 oa ses  were t r e a t e d .  The intravenous  serum was g iven  
as b e f o r e ,  the intramuscular  serum was in j e o t e d  in to  the  
v a s tu s  ex tern us  muscle o f  the t h i g h .  The same o b ser v a t io n s  
were made upon each c a s e .
(1) Age and Sex.
Age Groups. 0-5 6-10 11-20 21-30 31-40 41-50 51-60
Ma l e s 23 72 26 8 4 6
Ferns l e  s 24 56 23 5_ 2 1
T o t a l . 47 128 49 13 6 7
BBSS BS- **
The m ajor i ty of  the 250 c a s e s  (224) were under the age
of  2 0 .  Of the 250 c a s e s ,  139 were males and 111 were
fe m a le s .
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(2) Age of  P a t i e n t s  c o r r e l a t e d  w ith  the  type o f  C• 
Diphtherias  recovered from each case  ( ex p re ssed  f i r s t  a s  
a percentage  of age groups and then as a percentage  o f  the 
type o f  C. D iphtherias)
Age Group Gr a v i s  Intermedius M it i s  Aberrant N e g a t iv e •
0- 5 17(36 .2 ) 15(31 .9 ) 14(29 .8 ) - 1 (2 .1 )
6-10 36(28 .1 ) 30(23 .4 ) 68(46 .8) - 2 (1 .7 )
11-20 12(24 .5 ) 10(20 .4 ) 16(32 .6) - 11(22 .5 )
21-30 4 (3 0 .8 ) 4 (30 .8 ) 5 (38 .4 ) - -
31-40 1 (16 .6 ) 4 (6 6 .6 ) 1(16.66) - -
41- 50 - - 7(100 .0) - -
51-60 - - - - -
T o t a l . 70 63 103 - 14
0 - 5 17(24 .3 ) 15(23 .8 ) 14(13 .6 ) - 1(7 .1 )
6-10 3 6 (5 1 .4 ) 30(47 .6 ) 60(58 .3 ) - 2 (14 .3 )
11-20 12(17 .2 ) 10(15 .8) 16(15 .5) - 11(78.6)
21-30 4(5 .7 ) 4 (6 .4 ) 5 (4 .8 ) - -
31-40 1 (1 .4 ) 4 (6 .4 ) 1 (0 .9 ) - -
41-50 - - 7(6 .9 ) - -
51-60 - - - - -
T o ta l 70 63 103 14
Of the 0-10  age group, 3 2 .2 $  su f fe r e d  from g r a v is  and 2 7 .6 $  
from interm edius i n f e c t i o n s .  In the 31-40 age group there  
was a h igh inc id en ce  -  6 6 .7 $  o f  interm edius c a s e s .
Gravis  i n f e c t i o n s  had the h ig h e s t  inc idence  in the 0 -5  
group, intermedius cams n e x t ,  fo l lo w ed  by m i t i s  and negat ive  
c u l t u r e s ,  which occurred in  the lowest  p e r ce n ta g e .  Prom the  
age of  10 onwards there  was a sharp f s l l  in the ino idenoe  of  
g r a v i s  s t r a i n s  u n t i l  a f t e r  the age of  40 none were recorded .  
With interm edius  and m i t i s  the numbers a l s o  f e l l  a f t e r  the age 
of  10,  but did not f a l l  so r a p id ly  as  the g r a v i s  s t r a i n s .  In 
the neg a t iv e  s e r i e s ,  no fu r th er  c a s e s  were reoorded a f t e r  the
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age o f  tw enty .  The h ig h e s t  in c id en ce  o f  g r a v i s ,  
in term edius  and m i t i s  c a s e s  occurred in the 6-10  age group,  
but o f  the n e g a t iv e  c a s e s  the h ig h e s t  in c id e n c e  occurred in  
the 11-20 age group.
(3) Dosage of  Serum g iven  c o r r e la t e d  with age groups  
( ex p ressed  f i r s t  as  a percentage of  the age groups then as  
p e r ce n ta g es  o f  the number r e c e iv in g  the d e f in ed  d o s e s ) •
Age Group. Under 8 ,000 8 ,0 0 0 -4 0 ,0 0 0 40,000  U nits
U n i t s . U n i t s . and Over.
0 -5 6 (1 2 .7 ) 19(40 .4) 22(46 .9 )
6-10 20(15 .6 ) 5 7(44 .6 ) 51(39 .8)
11-20 10(20 .4 ) 26(53 .1 ) 13(26 .5)
21-30 4 (3 0 .8 ) 6 (46 .1 ) 3 (23 .1 )
31-40 1(16 .66) 4(66 .66) 1(16 .66)
41-50 1(14 .3 ) 6(85 .7 ) -
51-60 - - —
T o t a l . 42 118 90
0 -5 6(1 4 .3 ) 19(16 .1) 22(24 .4 )
6-10 20(47 .6 ) 57(48 .3) 51(56.7)
11-20 10(23 .8 ) 26 (22 .0 ) 13(14.4)
21-30 4(9 .5 ) 6 (5 .1 ) 3 (3 .3 )
31-40 1(2 .4 ) 4 (3 .4 ) 1 (1 .2 )
41-50 1(2 .4 ) 6 (5 .1 ) -
51-60 - ______ - —
T o t a l . 42 118 90
Of the 250 c a s e s t r e a t e d ,  118 (47.2$)  r e c e iv e d an I n j e c t io n
o f  between 8 ,0 00  end 40 ,000 u n i t s  of serum. Doses o f  40 ,000  
u n i t s  and over were used more than tw ice  as  o f ten  as doses  
of  under 8 ,000 u n i t s  (36$ to  1 6 . 8 $ ) .  With the 8 ,000  -
40 ,000  un i t  dose ,  the percentage frequency that  t h i s  amount 
was g iven ,  rose  p r o g r e s s i v e l y  w ith  the age groups,  with the  
e x c e p t io n  o f  the 21-30  age group.
The percentage of c a se s  in  the 0 -5  sge group which
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r e c e iv e d  doses  o f  40 ,000  u n i t s  and over was high (46*9) •
This  number r ep resen ted  2 4 .4 $  o f  a l l  d oses  o f  serum o f
40 ,000  u n i t s  and over g iven  in t h i s  group of  oases*  Of 
the groups o f  d o s e s ,  a l l  had t h e i r  h ig h e s t  inc id en ce  in  
the 6-10  age group and f e l l  t h e r e a f te r *
(4) Day o f  D isease  c o r r e la t e d  with the Type of  C. Diphtherias  
recovered  from the case  (expressed  f i r s t  as  a percentage of  
the c a s e s  occurr ing  per day and secondly  as a percentage of  the
v ar iou s  ty p es  o f  C* Diphtherias)  •
Day of
D i s e a s e .  Gravis Intermedius M it i s  Aberrant N eg a t iv e .
1 1(8 .3 ) 3 (2 5 .0 ) 7 (58 .4 ) 1 (8 .3 )
2 19(24 .1 ) 24(30 .4 ) 28(35 .4 ) - 8 (10 .1 )
3 21(29 .2 ) 12(16 .7 ) 39(54 .1 ) - -
4 16(34 .8 ) 11(23 .9) 14(30 .5) - 5 (10 .8 )
5 6 (3 1 .6 ) 9 (4 7 .4 ) 4 (2 1 .0 ) - -
6 4(22 .2 ) 4 (2 2 .2 ) 10(55 .6 ) - -
7 - - 1(100 .0 ) - -
8 3(100 .0 ) - - - -
T o t a l . 70 63 103 14
1 1(1 .4 ) 3 (4 .8 ) 7(6 .8) - 1 (7 .1 )
2 19(27 .1) 24(38 .0 ) 28(27 .2 ) - 8 (57 .1 )
3 21(30.0) 12(19 .0) 39(37.8) - -
4 16(22 .9) 11(17 .5) 14(13 .6 ) - 5 (35 .8 )
5 6 (8 .6 ) 9(14 .3 ) 4(3 .9) - -
6 4 (5 .7 ) 4 (6 .4 ) 1 0 (9 .7 ) - -
7 - - 1 (1 .0 ) - -
8 3 (4 .3 ) -
T o t 8 l . 70 63 103 — 14
Of the 250i c a s e s ,  209 (83.6$)  had r e o e iv e d serum treatment
w i th in  four  days from the onset of  t h e i r  i l l n e s s . The
inc id en ce of the g r a v i s  s t r a i n was low on the f i r s t  day and
rose  from then onwards u n t i l  the f i f t h  day , when i t  began
to  f a l l . The three c a se s  which occurred on the 8 th .  day
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were a l l  g r a v i s ,  g iv in g  a 100$ i n c i d e n c e .  The interm edius  
c a s e s  had a high in c id en ce  on the 1 s t .  and 2nd. days; , i t  
then f e l l  on the t h i r d  day, rose  on the 4 t h .  and 5 t h .  and 
f e l l  again  on the 6 t h .  day. No fu r t h e r  interm edius c a ses  
were observed a f t e r  the 6 t h .  day.  M i t i s  c a se s  had a high  
in c id en ce  on the 1 s t .  day which f e l l  on the 2nd. rose  on 
the 3 r d . ,  f e l l  on the 4 t h .  and 5 t h . ,  and rose again on the  
6 t h .  and 7 t h .  No ca ses  were observed in the 8 th .  day.
With the  n e g a t iv e  c a s e s  the in c id en ce  was 8 .3 $  on the 1 s t .  
day. This  rose  to  1 0 .1 $  on the 2 n d . ,  f e l l  to  zero on the 
3 r d . ,  rose  to  10 .8 $  on the 4 t h .  day, and t h e r e a f t e r  no c a se s  
were observed .
Of the var io u s  typ e s  of  C. Diphtherias , 1 .4 $  of  
g r a v i s ,  4 . 8 $  o f  in te r m e d iu s ,  6 .8 $  o f  m i t i s  and 7 .1 $  of  
n e g a t iv e  e a s e s  had r e c e iv e d  serum w i th in  the 1 s t .  day of  
i l l n e s s .  By the end o f  the  4 th .  day the f i g u r e s  were 8 1 .4 $  
g r a v i s ,  7 9 .3 $  in term edius ,  8 5 .4 $  m i t i s  and 100$  negat ive  
oases..
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(5) Day o f  D ise a se  c o r r e l a t e d  w ith  th e  age group (ex p re ssed  
a s  a percentage  o f  c a s e s  per day and se co n d ly  a s  a 
percentage  o f  the  c a s e s  in  each age g r o u p )•
Day o f
D i s e a s e .  0 -5  6 -10  11-20 21-30 31-40 41-50 51-60
1 1 ( 8 .3 )  2 (16 .7 )  4 (33 .3 ) 3 (25 .0 ) 2 (1 6 .7 ) —
2 1 2 (1 5 .2 )  48(60 .7 )  16(20 .3 ) 2 (2 .5 ) 1 (1 .3 ) • -
3 1 6 ( 2 2 .2 ) 2 7 ( 3 7 .5 )  20(27 .8 ) 3 (4 .2 ) 2 (2 .8 ) 4 (5 .5 ) -
4 1 2 ( 2 6 .1 ) 2 6 ( 5 6 .5 )  3 (6 .5 ) 3 (6 .5 ) 1 (2 .2 ) 1 (2 .2 ) -
5 4 ( 2 1 .0 ) 1 1 ( 5 7 .9 )  3 (15 .8 ) 1 (5 .3 ) - - —
6 2 ( 1 1 .0 ) 1 0 ( 5 5 .7 )  3 (16 .7 ) 1 (5 .6 ) - 2 (1 1 .0 ) -
7 — 1 (10 0 .0 - - - - -
8 3(100.0; - - — —
T o t a l . 
1
47 128 49 
1 ( 2 .1 )  2 ( 1 .5 )  4 (8 .2 )
13
3(2 3 .1 )
6 7 
2 (33 .3 )
2 12(25 .5 )  48(37 .6 )  16(32 .7 ) 2 (15 .3 ) 1 (16 .7 ) - -
3 16 (34 .1) 27 (21.1)  20 ( 40.8) 3(23 .1 ) 2 (33 .3 ) 4 (57 .1 ) -
4 1 2 ( 2 5 .5 ) 2 6 ( 2 0 .3 )  3 (6 .1 ) 3 (23 .1 ) 1(16 .7) 1(14 .3) -
5 4 (8 .5 )  11 (8 .6 )  3 (6 .1 ) 1 (7 .7 ) - - -
6 2 (4 .3 )  10(7 .8 )  3 (6 .1 ) 1 (7 .7 ) - 2 (2 8 .6 ) -
7 1 (0 .8 ) - - - -
8 3 (2 .3 ) - - - -
T o t a l • 47 128 49 13 6 7
Of the 250 o a s e s ,  175 (70$) were aged 10 or under and of t h i s
number 144 (82 .3$)  had r e c e iv e d serum before  the end of the
4 t h .  day o f  i l l n e s s .  Pour p a t i e n t s  who did not c ome under
treatm ent  u n t i l  the 7 t h .  and 8th • day of i l l n e s s were in the
6 -1 0  age group.
Of the  age groups most c a s e s  came under treatment on 
the  3 r d .  day o f  i l l n e s s  w ith  the e x c e p t io n  o f  the 6 -10  age 
group, when i t  was on the 2nd. day, and f o r  the  21-30 age  
group when i t  was the  3rd .  and 4 t h .  da ys .
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(6) Day o f  D isea se  c o r r e l a t e d  w i th  the dose of  serum g iven  
( e x p r e s s e d  f i r s t  as  a percentage  o f  c a s e s  per day and 
seco n d ly  s s  a percentage  of  c a s e s  r e c e i v i n g  the d e f in e d  
doses)  •
Day of  
D i s e a s e .
1
2
3
4
5
6
7
8
T o t a l .
1
2
3
4
5
6
7
8
T o t a l .
Under 8 ,000  
U n i t s .
8 (6 6 . 66)
16(20 .3 )
17(23 .6)
1 (2 . 2)
8 ,0 0 0 - 4 0 ,0 0 0
U n i t s .
2 (16 .66 )
46(58 .2 )
30(41 .7 )
24(52 .2 )
8(42 .1 )
8 (4 4 .4 )
40 ,000  U n it s  
and Over.
2(16 .66)
17(21.5)
25(34 .7 )
21(45 .6 )
11(57.9)
10(55.6)
1 ( 1 0 0 . 0 )
3(100 .0 )
42 118 90
8 (1 9 .0 )
16(38 .1 )
17(40 .5)
1 (2 .4 )
2 (1 .7 )
46(38 .9 )
30 (25 .4 )
24(20 .4 )
8 (6 . 8)
8 ( 6 . 8)
2 (2 . 2)
17(18 .9 )
25(27 .8)
2 1(23 .3 )
11(12.3)
10(11. 1)
1(1. 1)
3 (3 .3 )
42 118 90
The lo n g er  the  p a t i e n t  was i l l  be fore  be ing  t r e a t e d ,  the  
l a r g e r  was the amount o f  serum which was r e q u ire d .
The h ig h e s t  number o f  p a t i e n t s  who r e c e iv e d  l e s s  than
8 ,0 0 0  u n i t s  o f  serum did  so on the 3rd. day o f  i l l n e s s .  In 
the 8 ,0 0 0 -4 0 ,0 0 0  u n i t s  group, the h ig h e s t  number o f  p a t i e n t s  
were g iv en  serum on the 2nd. day o f  i l l n e s s  and in the 40 ,000  
u n i t s  or o ver ,  i t  was on the 3rd.  day.
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(7) Type o f  C. Diphtheri® recovered  from the in d iv i d u a l  
c a s e s  c o r r e l a t e d  w ith  the  dose o f  serum g iv en  (expressed  as  
a percentage  o f  Type of  C. D i p h t h e r ia s ) .
Type of  C. Under 8 ,0 0 0  8 ,0 0 0 -4 0 ,0 0 0  40 ,000  U n its
Diphther ias .  U n i t s . U n i t s . and Over.
Gravis  6 ( 8 .6 )  2 6 (37 .1 )  38(54 .3 )
Interm edius 5 (7 .9 )  31 (4 9 .2 )  27 (42 .9 )
M it i s  27 (26 .2 )  51(49 .5 )  25(24 .3 )
Aberrant -  -
N egat ive  __ 4 (28 .6 )  10(71 .1)  ___ -
T o t a l .  42 118 90
In the  g r a v i s  i n f e c t i o n s  most c a se s  (54 .3 ®  required over
40 ,000  u n i t s  o f  serum and 3 7 .1 $  and 8 .6 $  r e c e iv e d  doses of
8 ,0 0 0 -4 0 ,0 0 0  u n i t s  and l e s s  than 8 ,000 u n i t s  r e s p e c t i v e l y .  
With in term edius ,  m i t i s  and neg a t iv e  i n f e o t i o n s  the h ig h es t  
number o f  p a t i e n t s  red e iv ed  between 8 ,000  and 40 ,000  u n i t s  
o f  serum.
(8) Type o f  C. Diphtherias recovered  from the d i f f e r e n t  
c l i n i c a l  ty p es  of  d ip hth er ia  (exp ressed  as a percentage  o f  the 
c l i n i c a l  t y p e s .  C erv ic a l  a d e n i t i s  i s  expressed  as  a 
percentage  o f  the number o f  c a s e s  with each s t r a i n  of  o .  
diphther ias  ) .
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C l i n i c a l
. .T y p e *  » Gravis  * Interm edius  M i t i s  Aberrant Negat ive  * 
P a u o ia l :
(a) Mild 7 (1 4 .9 )  5 (10 .6 )  2 6 (5 5 .3 )  - 9 (1 9 .2 )
(b) Moderate 2 3 (2 2 .5 )  28 (27 .4 )  50(49 .1 )  -  1(1*0)
(c) Severe 17 (31 .5 )  18(33 .3)  16(29 .6)  - 3 (5 .6 )
(d) Haemor-
rtaagie 7 (53 .8 )  4 (3 0 .8 )  2 (15 .4 )
Nasal  1 (16 .66 )  1 (16 .66 )  4 (66 .66)
Laryngeal - - 1(100 .0)
F a u c ia l  and
Nasal  15(55 .6 )  7 (25 .9)  5 (18 .5 )
C e r v ic a l
A d e n i t i s  6 2 ( 88.6) 40(63 .5 )  _ 2 8 (2 7 .2 )  -  6 (42 .9 )
T o t a l .  70 65 103 - 14
C. Diphtherias  g r a v i s  and interm edius were a s s o c i a t e d  w ith  the  
more severe  c l i n i c a l  c a se s  o f  d ip h t h e r ia .  M it i s  and negat ive  
c u l t u r e s  were found mostly  in  the milder c l i n i c a l  o a s e s .  
C e r v ic a l  a d e n i t i s  occurred w i th  a l l  s t r a i n s  of  d ip h t h e r ia ,  but
most o f t e n  in the c a s e s  from which a g r a v is  s t r a i n  was i s o l a t e d .
Death and Complication R a t e s .
(a) Type of  C. Diphtheriae recovered from the o a ses  c o r r e la t e d  
w ith  the v ar iou s  com p l ic a t io n s  observed (expressed  as a 
percentage  of  the number of the var ious  types  f o u n d ) .
Complication • Gravis Intermedius M it i s  Aberrant N e g a t iv e •
Albuminuria 2 (2 .9 )  1 (1 .6 )  1 (1 .0 )
Cardiac P a r e s i s  2 ( 2 .9 )  2 (3 .2 )  -
P a l a t a l  , ,  2 (2 .9 )  3 (3 .2 )  1 (1 .0 )
Ocular , ,
Death Rate 2 ( 2 .9 )  1 (1 .6 )  -
With the e x ce p t io n  of  ocular p a r e s i s ,  a l l  the c o m p l ica t io n s  
mentioned above occurred in equal  frequency with the g r a v is  
s t r a i n .  With the intermedius  c a s e s ,  the cardiac p a r e s i s  and 
p a l a t a l  p a r e s i s  r a te  were s l i g h t l y  h igher than that  fo r  
g r a v i s  i n f e c t i o n s ,  but the inc id en ce  o f  albuminuria and the
.160.
death r a te  was low er .  M i t i s  i n f e c t i o n s  were very m ild ,  
and in  the n e g a t iv e  c a se s  no c o m p l ic a t io n s  were observed .
One o f  the  d e a th s ,  w i th  g r a v i s  i n f e c t i o n s ,  was due to  the 
p a t i e n t ’ s deve lop ing  an acute  m a s t o i d i t i s  which was operated  
on but the  p a t i e n t  developed s e p t i c  m e n in g i t i s  and d ie d .
(b) Death and Complication Rates c o r r e la t e d  with the age of  
the p a t i e n t  ( exp ressed  as p ercentages  of the age g r o u p s ) .
Ige Group. Albuminuria P a l a t a l
P a r e s i s
Cardiac
P a r e s i s
Ooular
P a r e s i s
Death 
R ate .
0 -5 1 (2 .1 ) 1 (2 .1 ) 1 (2 .1 ) 2 (4 .2 )
6 -10 2 (1 .5 ) 2 (1 .5 ) 2 (1 .5 ) - 1(0 .7 )
11-20 1 (2 .0 ) 2 (4 .1 ) 1 (2 .0 ) - -
21-30 - - - - -
31-40 - - - - -
41-50 - - - - -
51-60 - ____  " - -
T o t a l . 4 5 4 - 3
C om plicat ions  were more frequent  in  the 0 -5  and the 11-20  
age groups .
The death r a te  was h ig h e s t  in the 0 -5  age group*
(c) Death and Complication Rates c o r r e la te d  w ith  day of
d i s e a s e  (exp ressed  as  percentages  o f  day o f  d i s e a s e ) •
Day o f  P a l a t a l  Cardiac Ocular Death
D isease  Albuminuria P a r e s i s  P a r e s i s  P a r e s i s  R ate .
1 -  -
2 1 (1 .3 )  - - - -
3 -  1 ( 1 .4 )  1 (1 .4 )  -  1 (1 .4 )
4 1 (2 .2 )  2 (4 .4 )  2 (4 .4 )  -  -  x
5 2 (1 0 .5 )  2 (1 0 .5 )  1 (5 .3 )  -  2 (1 0 .5 )
6 -  ”
7 _  -
T o t a l .  4 5 4 _3
No c o m p l ic a t io n s  were observed when the p a t i e n t  was g iven
*X61 *
serum 013 the f i r s t  day o f  i l l n e s s ,  and o n ly  one e a se  which 
was g iv e n  serum on the second day o f  i l l n e s s  developed a 
c o m p l ic a t io n  (a lb u m in u r ia ) • From the th ird  day o f  i l l n e s s  
c o m p l ic a t io n s  were more fre q u en t  and reached t h e i r  h ig h e s t  
in c id en ce  on the 5 t h .  day, a f t e r  t h i s  dsy  no c o m p l ica t ion s  
were reco rd ed .
(d) Death and Complication Rates c o r r e la t e d  w ith  the 
c l i n i c a l  ty p es  o f  d ip h th er ia  (expressed  as  percentages  of  
c l i n i c a l  types)  .
C l i n i c a l  Albuminuria P a l a t a l  Cardiac Ocular Death 
Type. _____________ P a r e s i s  P a r e s i s  P a r e s i s  R a te .
F e u d a l :
(s) Mild - -
(b) Moderate -  -
(c) Severe 1(1*8) 1(1*8) -
(d) Haemorr-
h sg ic  2 (1 5 .4 )  2 (1 5 .4 )  2 (15 .4 )  -  2 (15 .4 )
Nasal
Laryngeal - -
F a u c ia l  and
Nasal 1 (5 .7 )  2 (7 .4 )  2 ( 7 .4) -  1 (5 .7 )
4 5 4 -  3
The more severe  t h e  c l i n i c a l  ty p e ,  the h igher  was the
in c id en ce  o f  c o m p l ic a t io n s .  F a u c ia l - n a s a l  c a ses  occupied
an in term edia te  p o s i t i o n  between severe  and haemorrhagio
f a u c i a l  d ip hth er ia  when cons idered  in terms of  c o m p l ic a t io n s .
Doses o f  Serum g i v e n . The maximum dose g iven  was 312,000
u n i t s ,  the minimum 8 ,000  u n i t s ,  and the sverage  62 ,000  u n i t s .
148 c a s e s  had one dose of  serum ( a c t u a l l y  one intram uscular ly
and one in tr a v e n o u s ly  but these  two doses  were considered  as
one i n i t i a l  dose). 76 had 2 ,  21 had 3 d o s e s ,  and 5 had 4
separate  d o s e s .
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Rate o f  Disappearance of  Membrane/ or D iso h a p ges /  or  
C e r v ic a l  A d e n i t i s .
The maximum time taken f o r  the membrane/ or d i s c h a r g e s /  
or g land s  to c l e a r  up was 120 hours.  The p a t i e n t ,  a woman 
o f  26 y e a r s ,  was admitted on the 6 th .  day o f  i l l n e s s  with a 
”b u l l  neck” membrane on both t o n s i l s ,  the hard and s o f t  
p a la t e  and a profuse  n a sa l  d i s c h a r g e .  She was given
144 ,000  u n i t s  (72 ,000  in tr a v en o u s ly  and 72,000 in tr a m u sc u la r ly ) .  
The organism recovered  was o f  the intermedius s t r a i n .  The
minimum time was 12 hours and the a v erage ,  68 hours .
Rate o f  Disappearance of  Toxaemia.
20 p a t i e n t s  were comatose on admiss ion ,  110 had 
severe  toxaemia,  65 moderate,  46 mild and 10 showed no s ig n s  
or symptoms of  toxaem ia.  The maximum time taken for  the  
toxaemia to  pass  o f f  was 160 hours and was in the case  
mentioned above.  The minimum time was 24 hours, the  
average ,  62 hours .
INTRAMUSCULAR.
Q
The serum was in j e c t e d  in t o  the va s tu s  externus  
muscle o f  the t h i g h .
A n a ly s i s  of the 600 Ca se s t r e a t e d •
(1) Age and Sex .
Age Groups. 0 -5 6-10 11-20 21-30 31-40 41-50
Ma l e s 57 134 87 27 9 11
Females 58 114 71 18 8 JL
T o t a l . 115 248 158 45 17 12
Most of the c a s e s  (421 or 70$) were under the age of  20 .
Of the 600 c a s e s ,  330 (55$) were males ,  and 270 (45$) were
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female s •
(2) Age o f  P a t i e n t  c o r r e l a t e d  w i th  the  Type of  C. Diphtheriae  
recovered  from each case  (ex p ressed  f i r s t  a s  a percentage  of  
age groups and then as a percentage  of the Type of  C. 
D ip h th e r ia e ) •
Age Group. Gravis Intermedius M it i s  Aberrant Negative
0 -5 36(31 .3 ) 35(30 .4 ) 40(34 .8 ) 3 (2 .6 ) 1 (0 .9 )
6 -10 78(31 .5 ) 74(29 .8 ) 73(29 .4) 7 (2 .8 ) 1 6 (6 .5 )
11-20 63(39 .8 ) 32(20 .2 ) 54(34 .2 ) 5 (3 .2 ) 4 (2 .6 )
21-30 3 (6 .6 ) 9 (20 .0 ) 31 (68 .9 ) 2 (4 .5 ) -
31-40 - 9 (5 2 .9 ) 4 (23 .5 5 ) - 4(2 3 .5 5
41-50 - 3 (2 5 .0 ) 2 (1 6 .7 ) - 7 (5 8 .3 )
51-60 - - 5(100 .0 ) - -
T o t a l . 180 162 209 17 32
0 -5 3 6 (2 0 .0 ) 35(21 .6 ) 40(19 .1) 3 (1 7 .7 ) 1 (3 .1 )
6-10 78(43 .3 ) 74(45 .7) 73(34 .9 ) 7 (4 1 .2 ) 16(50 .0 )
11-20 6 3(35 .0 ) 32 (19 .9 ) 54(25 .8) 5 (29 .4 ) 4 (12 .5 )
21-30 3 (1 .7 ) 9 (5 .5 ) 31(14 .8 ) 2 (1 1 .7 ) -
31-40 - 9 (5 .5 ) 4 (1 .9 ) - 4 (1 2 .5 )
41-50 - 3 (1 .8 ) 2 (1 .0 ) - 7(21 .9 )
51-60 - - 5(2 .5 ) - -
T o t a l . 180 162 209 17 52
Of the 0-10  age group, 114 (19$) s u f f e r e d  from g r a v i s  i n f e c t i o n s  
and 109 (18$) from in term edius .  In the 0 - 5  and 6-10 age 
groups the in c id en ce  of  g r a v i s ,  intermedius  and m i t i s  c u l t u r e s  
occurred w ith  f a i r l y  equal  frequency .
A l l  four  types  and the  n e g a t iv e  c a s e s  had t h e i r  
h ig h e s t  in c id en ce  in  the 6 -10  age group. No g r a v i s  e a s e s  were 
found in p a t i e n t s  over 30 .  Intermedius and n e g a t iv e  o u l t u r e s  
were the most f r e q u e n t ly  found in  the 31-40 and 41-50sge  groups,  
but m i t i s  was found most f r e q u e n t ly  in  the  51-60 age group.
.'164*.
(3) Dosage o f  Serum g iv en  c o r r e l a t e d  w ith  the age groups  
( ex p re ssed  f i r s t  as a percentage  of  the  age groups and 
seco n d ly  as  a percentage  o f  the number o f  c a s e s  r e c e i v i n g  
the d e f in e d  d o s e s ) •
i Group. Under 8 ,000 8 ,0 0 0 - 4 0 ,0 0 0 40 ,000  Units
U n i t s . U n i t s . and Over.
0 - 5 5 (4 .4 ) 90(78 .2 ) 2 0 (1 7 .4 )
6-10 9 ( 3 .6 ) 175(70.5) 64 (25 .9 )
11-20 1 0 (6 .3 ) 76 (48 .1) 72(45 .6 )
21-30 3 (6 .7 ) 22(48 .9 ) 20(44 .4 )
31-40 2 (1 1 .8 ) 10(58 .9 ) 5 (29 .3 )
41-50 3 (25 .0 ) 4 (3 3 .3 ) 5 (41 .7 )
51-60 __2 (4 0 .0 ) 3 (6 0 .0 ) -
T o t a l . 34 380 186
0 -5 5(14 .7 ) 90(23 .7 ) 20 (10 .7 )
6-10 9 (2 6 .5 ) 175(46.1) 64(34 .4)
11-20 10(29 ,4 ) 76(20 .0 ) 72 (38 .8 )
21-30 3 (8 .8 ) 2 2 (5 .8 ) 20(10 .7 )
31-40 2 (5 .9 ) 10(2 .6 ) 5 (2 .7 )
41-50 3 ( 8 .8 ) 4 (1 .1 ) 5 (2 .7 )
51-60 2 (5 .9 ) 3 (0 .7 )
T o t a l . 34 380 186
the 600 c a se s  t r e a t e d .  380 (63.3$) r e c e iv e d  a dose of
serutn between 8 ,000  and 40 ,000  u n i t s .  Doses of  over 40 ,000  
u n i t s  were used almost s i x  t im es as o f t e n  as  doses  o f  under
8 ,0 0 0  u n i t s .
Doses of  serum between 8 ,000  and 40 ,000  u n i t s  were 
employed most o f t e n  in c h i ld re n  between the ages  o f  6 -1 0 ,  but 
doses  o f  under 8 ,000  u n i t s  and over 40 ,000 u n i t s  were used 
most o f t e n  in the 11-20 age group.
(4) Day o f  D isease  c o r r e l a t e d  w ith  the type of  C. Diphtheriae  
recovered  from the case  (ex p re ssed  as a percentage  of  the c a s e s  
occurr ing  per day and secon d ly  as a percentage  of  the var ious
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ty p es  o f C . Diphtherias ) •
Day of
D i s e a s e . Gravis  Intermedius M it i s Aberrant N egative
1 2 (1 5 .4 ) 3 (2 3 .1 ) 7 (53 .8 ) 1 (7 .7 )
2 35(2 3 .6 ) 51(34 .4) 41(27 .7 ) 3 (2 .0 ) 18(12 .3 )
3 81(34 .9 ) 49(21 .1 ) 89(38 .4 ) 7 (3 .0 ) 6 (2 .6 )
4 34(29 .6 ) 28(24 .4 ) 43(37 .4 ) 3 (2 .6 ) 7 ( 6 .0 )
6 11(26 .2 ) 2 3 (5 4 .8 ) 5 (1 1 .9 ) 3 (7 .1 ) -
6 11(25 .0 ) 8 (1 8 .2 ) 2 4 (5 4 .6 ) 1 (2 .2 ) -
7 - - - - -
8 6 (100 .0 ) - - - -
T ota l  • 160 162 209 17 32
1 2 (1 .1 ) 3 (1 .9 ) 7 (3 .3 ) - 1(3 .1 )
2 3 5 (1 9 .5 ) 51(31 .4 ) 41(19 .6) 3 (1 7 .6 ) 18(56 .2 )
3 8 1 (4 5 .0 ) 49(30 .3 ) 89 (42 .5 ) 7(41 .3) 6 (18 .8 )
4 34(18 .9 ) 28(17 .3) 43(20 .5) 3 (17 .6 ) 7 (21 .9 )
5 1 1 (6 .1 ) 23(14 .2 ) 5 (2 .7 ) 3 (1 7 .6 ) -
6
>7
11(6 .1 ) 8 (4 .9 ) 2 4 (11 .4 ) 1 (5 .9 ) -
f
8 6(3 .3 ) - - - -
T o ta l 180 162 209 17 32
Of the 600 o a s e s ,  508 (84.7$) had r e c e iv e d  serum by the end 
o f  the 4 t h .  day of  t h e i r  i l l n e s s .  Gravis i n f e c t i o n s  reached  
t h e i r  h ig h e s t  in c id en ce  in  p a t i e n t s  who were admitted on the 
3 r d .  day o f  i l l n e s s ,  intermedius on the f i f t h  day,  m i t i s  on 
the s i x t h  day, aberrant on the f i f t h  and negat ive  c a s e s  on 
the second day.
The h ig h e s t  percentage of  g r a v i s ,  m i t i s  and aberrant  
c a s e s  were admitted on the 3rd .  day o f  i l l n e s s .  With 
in term edius  and n e g a t iv e  c a s e s ,  the h ig h e s t  percentage was 
on the 2nd. day of  i l l n e s s .  A small  number of  c a s e s  (6) , 
admitted on the 8 t h .  day o f  i l l n e s s  were found to  be g r a v i s  
i n f e c t i o n s .
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(5) Day o f  D ise a se  c o r r e l a t e d  w ith  the  age group ( e x p r e s s e d  
f i r s t  as  a percen ta g e  of  c a s e s  per  day and seco n d ly  as  a 
percen ta ge  of  the c a s e s  in each age group) •
Day o f
D ise a se  • 0 -5 6-10 11-20 21-30 31 -4 0 41-50 51-60
1 1 (7 .7 ) 3 (2 3 .0 ) 4 (30 . 8) 2 (1 5 .4 ) 2 (1 5 .4 ) 1 (7 .7 )
2 3 3 (2 2 .3 ) 58(39 .2 ) 52 (35 .1 ) 2( 1.4) 2 ( 1.4) 1 (0 .6 ) -
3 3 2 (1 3 .8 ) 109(46 .9 ) 4 4 (1 8 .9 ) 3 0 (1 2 .9 ) 8 ( 3 .5) 5 ( 2 .2 ) 4 ( 1 .8 )
4 2 9 (2 5 .3 ) 47(40 .9 ) 2 2 (1 9 .1 ) 10( 8 .7 ) 2( 1.7) 4 (3 .4 ) 1 ( 0 .9 )
5 8 (1 9 .0 ) 21(50 .0 ) 12(28 .6 ) - K 2.4) - -
6
7
6 (1 3 .4 ) 10(22 .7 ) 24 (54 .6 ) 1( 2 .3 ) 2 ( 4.7) 1 (2 .3 ) -
/
8 6(100.0) - - - - - -
T o t a l . 115 248 158 17 12 5
1 1( 0 .9) 3( 1 .2) 4( 2 .5 ) 2( 4 .4) 2 (1 1 .8 ) 1 (8 .3 ) _
2 3 3(2 8 .7 ) 58(23 .4 ) 52 (32 .9 ) 2( 4 .4) 2 (1 1 .8 ) 1 ( 8 .3 ) -  <
3 32(27 .8 ) 109(43 .9) 44(27 .9 ) 3 0 (6 6 .7 ) 8 (4 7 .0 ) 5 (4 1 .8 ) 4 (8 0 .0 )
4 2 9 (2 5 .3 ) 4 7(18 .9 ) 22(13 .9 ) 1 0 (2 2 .2 ) 2 (1 1 .8 ) 4 (3 3 .3 ) 1(20.0):
5 8( 6 .9 ) 21( 8.5) 12( 7.6) - 1( 5 .8) - 1
6
ri
6( 5 .2) 10( 4.1) 24 (15 .2 ) 1( 2 .3 ) 2 (1 1 .8 ) 1( 8 .3 ) -
I
8 __ 6( 5.2) - - - - - -
> ta l . 115 248 158 45 17 12 5 \
Of the 600 c a s e s ,  363 (65$) were under the age of 11 y e a r s ,  and 
o f  t h i s  number 312 (52.0$)  had r e c e iv e d  serum treatm ent before  
the  end of  the 4 th .  day o f  i l l n e s s .  S ix  p a t i e n t s  who did  not
r e c e i v e  serum treatment u n t i l  the 8 th .  day o f  t h e i r  i l l n e s s  were 
in  the 0 -5  age group.
For the var ious  age groups,  there  were d i f f e r e n t  days on 
which most p a t i e n t s  r e c e iv e d  trea tm en t: -  0 -5  and 11-20 were 
on the 2nd. day, w h i le  a l l  the o thers  were on the 3rd .  day.
(6) Day o f  Disease  c o r r e la te d  with the dose of  serum g iven  
(exp ressed  f i r s t  as a percentage of  c a s e s  per day and then as  
a percentage  of the c a se s  r e c e iv in g  the  d e f in ed  doses) •
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Day o f  
D is e a s e  •
1
2
3
4
5
6
7
8
T o ta l
1 
2
3
4
5
6
7
8
T o ta l
Delay in d iagnos ing  the d i s e a s e  led  to  l a r g e r  doses  of  serum 
having t o  be a d m in is ter ed .  Of the c a s e s  coming under treatment  
on the  8 t h .  day, 16*7$ required  between 8 ,0 0 0  and 4 0 ,0 0 0  u n i t s ,  
w h ile  83*3$ required  doses  of  over 40 ,000  u n i t s .
The h ig h e s t  number of p a t i e n t s  who r e c e i v e d  l e s s  than 
8 ,0 00  u n i t s  did so on the 2nd. day of t h e i r  i l l n e s s ,  those  who 
were g iv en  between 8 ,000  and 40 ,000  u n i t s ,  on the 3rd.  day and 
those  who r e c e i v e d  over 40 ,000  u n i t s  d id so a l s o  on the 3rd .  day.  
(7) Type of  C. Diphtheriae recovered  from the c a s e s  c o r r e la t e d  
with  the  dose o f  serum g iven  (exp ressed  a s  a percentage  o f  Type 
o f  C . Diphtheriae ) •
Under 8 ,0 0 0  
U n i t s .
9 (6 9 .2 )
1 6 (1 0 .1 )
8 ( 3 .6 )
1 ( 0 .9 )
1 (2 .4 )
34
9 (2 6 .5 )
15(44 .1 )
8 (23 .5 )
1 (2 .95)
1 (2 .95 )
34
8 ,0 0 0 - 4 0 ,0 0 0
U n it s
2 (1 5 .4 )
98 (6 6 .2 )
172(74 .1 )
94(81 .7 )
10(23 .8 )
3 (6 .8 )
 1 (16 .7)
380
2 (0 .5 )
98(25 .8 )
172(45 .4)
94 (24 .7 )
1 0 (2 .6 )
3 (0 .7 )
1 ( 0 .3 )
380
4 0 ,0 0 0  U n it s  
and Over
2 ( 1 5 .4 )
35 (2 3 .7 )
52(22 .4 )
2 0 (1 7 .4 )
31(73 .8 )
4 1 (9 3 .2 )
5 (8 3 .3 )
186
2 (1 .1 )
35 (18 .9 )
52(27 .9 )
20(10 .7 )
31(16 .7 )
41(22 .0 )
5 (2 .7 )
186
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Type o f  C. 
D lp h th e r i se  .
G ravis
Interm edius
M it i s
Aberrant
N eg a t iv e
T o ta l  •
Under 8 ,000  
U n i t s .
7( 3 .9 )
4( 2 .5 )  
3( 1.4)  
3 (1 7 .6 )  
17(53 .1)
34
8 ,0 0 0 - 4 0 ,0 0 0
U n i t s .
78(43 .3 )
75(46 .3 )
202(96 .7 )
10(58 .9 )
1 5 ( 46.9)
380
4 0 ,0 0 0  U n it s  
and Over.
95 (5 2 .8 )
8 3 (5 1 .2 )
4( 1 .9 )  
4 (2 3 .5 )
186
The h i g h e s t  number of  p a t i e n t s  who had g r a v is  and interm edius  
i n f e c t i o n s  r e c e iv e d  over 40 ,000  u n i t s  o f  serum, w hile  most o f  
the m i t i s  and aberrant i n f e c t i o n s  were g iven  between 8 ,000  
and 40 ,000  u n i t s .  Of the n e g a t iv e  c a s e s ,  53 .1^  r e c e iv e d  
l e s s  than 8 ,000  u n i t s  and 46 .9^  between 8 ,000  and 40 ,000  u n i t s .  
(8) Type of  C. Diphtherias recovered from the var ious  
c l i n i c e l  ty p es  of d iphther ia  (expressed  as a percentage  of  
the c l i n i c a l  t y p e s .  C e r v ic a l  a d e n i t i s  i s  expressed as a 
percen ta ge  of  the number of  cases  with each s t r a i n  of  
C . Diphtheriae ) •
C l i n i c a l  
Type.
F a u c ia l :
(a) Mild
(b) Moderate
(c) Severe
(d) Haemor-
rhag ic
Na s a l  
Laryngeal  
F a u c ia l  and 
N a s a l .  
C e r v i c a l
A d e n i t i s •
T o t 8 l .
G ravis  Intermedius M it i s  Aberrant Negative
9 (1 0 .0 )
8 0 (3 3 .2 )
41 (48 .8 )
8 (4 7 .1 )  
1( 9.1)
9 (10 .0 )
68(28 .2 )
29(34 .5)
3 (17 .6 )  
K  9.1)
51(56.7)  5 (5 .5 )  
75(31 .1 )  8 (3 .3 )  
12(14 .3)  2 (2 .4 )
6 (35 .3 )
9 (8 1 .8 )
13(68.4)
41(29 .5 )  52(37.7)  43(31 .3 )  2 (1 .5 )
126(70 .0 )  100(61.7)
180 162
_ 8 7(41 .6 )  6 (55 .3 )
209 17
16(17 .8 )  
10( 4.2)
6 (3 1 .6 )
4 (1 2 .5 )
32
The g r a v i s  s t r a i n  was a s s o c i a t e d  w ith  the most c l i n i c a l l y  
severe  c a s e s  and had the h ig h e s t  percentage of  c e r v i c a l
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a d e n i t i s . The h igh  inc id en ce  of  m i t i s  s t r a i n s  
a s s o c i a t e d  with haemorrhagio c a s e s  i s  a f e a t u r e  o f  the  
t a b l e .  The aberrant s t r a i n s  were a s s o c i a t e d ,  in  the  
m a jo r i ty  o f  c a s e s ,  w i th  a moderately severe  o f  mild i l l n e s s .  . 
Of the n a s a l  d ip h th e r ia s  a high percentage  (81 .8)  were 
m i t i s  t y p e s .  C u ltures  from la ry n g ea l  d ip hth er ia  were 
e i t h e r  m i t i s  or n e g a t i v e .
Death and Complication R ates .
(a) Type of  C. Diphtherias recovered from the in d iv id u a l  
c a s e s  c o r r e l a t e d  with  the var ious  c o m p l ica t ion s  observed  
8nd the death rat© (expressed as a percentage o f  the number 
o f  the Type o f  C. D ip h t h e r ia s ) .
Complication  • Gravis Intermedius M it i s  Aberrant Negative
Albuminuria 8 ( 4 .4 )  4 (2 .5 )  4 (1 .9 )  1 (5 .9 )
Cardiac P a r e s i s l O ( 5 .6)  4 (2 .5 )  1 (0 .5 )
P a l a t a l  , ,  7 (3 .9 )  7 ( 4 .3 )  3 (1 .5 )  1 (5 .9 )
Ocular , ,  -  6 (3 .7 )  -
Death Rate 8 ( 4 .4 )  3 ( 1 .9 )  2 ( 1 .0 )  1 (5 .9 )
Prom the t a b le  the aberrant ty p es  would appear to have the 
h i g h e s t  albuminuria ,  p a l a t a l  p a r e s i s  and death r a t e s ,  bu t ,  
as  p r e v i o u s l y  e x p l a i n e d , . a l l  these  com p l ica t io n s  occurred in  
one ca se  from which a Type t v  organism was recov ered .  The 
p a t i e n t  d ied  from s e p t i c  m en in g i t i s  f o l lo w in g  upon an 
o p e ra t io n  f o r  acute  m a s t o i d i t i s .
The g r a v i s  s t r a i n  was a s s o c i a t e d  with the  h ig h e s t  
co m p l ica t ion  rate  except  fo r  p a l a t a l  p a r e s i s .  This  occurred  
most o f t e n  in intermedius c a s e s .
(b) Death and Complication Rates c o r r e l a t e d  w ith  the  age 
o f  the  p a t i e n t  (exp ressed  as p e r ce n ta g es  o f  the  age g r o u p s ) .
;e Group. Albuminuria P a l a t a l
P a r e s i s
Cardiac
P a r e s i s
Ocular
P a r e s i s
Death 
Rate •
0 - 5 4 (3 .5 ) 4 (3 .5 ) 5 (4 .4 ) 3 (2 .6 ) 5 (4 .4 )
6-10 9 ( 3 .6 ) 5 (2 .0 ) 5 (2 .0 ) 3 (1 .2 ) 4 (1 .6 )
11-20 1 (0 .6 ) 6 (3 .8 ) 4 (2 .5 ) - 5 (3 .0 )
21-30 2 (4 .4 ) 2 (4 .4 ) 1 (2 .2 ) - -
31-40 1(5 .9) 1 (5 .9 ) - - -
41-50 - - - - -
51-60 - - - - -
T o t a l . 17 18 15 6 14
Albuminuria occurred with  almost the same frequency in the 0 -5  
and 6-10 age groups.  The ino idence  f e l l  in the 11-20 group,  
r o se  in  the  21-30  and the 31-40 age groups ,  but was not  
observed in any ages  above 40 .  P a l a t a l  p a r e s i s ,  with the  
e x c e p t io n  o f  a s l i g h t  f a l l  in  the 6 -10  age group, tended to 
become more frequ en t  in  the h igher  age groups .  Cardiac  
p a r e s i s  was h ig h e s t  in the 0 -5  age group, f e l l  in the 6-10  
age group and rose  again  s l i g h t l y  in the two remaining age 
groups in which i t  occurred -  11-20 and 2 1 -3 0 .
i
S ix  ca ses  o f  ocu lar  p a r e s i s  occurred ,  3 in  the  0-5  
age group and 3 in the 6 - 1 0 .  The death r a te  was h ig h e s t  in  
the 0 - 5  age group, f e l l  in  the 6 -10  and rose  again in  the  
11-20 age group* No deaths were recorded in  any o f  the other  
age groups .
- m .
(o) Death and Complication Rates c o r r e l a t e d  w i th  day of  
d i s e a s e  ( ex p re ssed  as  percentages  o f  day o f  d i s e a s e ) • 
Day o f
D ise a se  • Albuminuria P a l a t a l
P a r e s i s
Cardiac
P a r e s i s
Ooular
P a r e s i s
Death
Rate .
1 a . 1 (7 .7 ) .
2 - 3 (2 .0 ) 1 (0 .6 ) - -
3 3 ( 1 .3 ) 4 ( 1 .7 ) 4 ( 1 .7 ) 4 (1 .7 ) 3 (1 .3 )
4 8 ( 6 .9 ) 4 (3 .5 ) 4 (3 .5 ) 2 ( 1 .8 ) 3 (2 .6 )
5 4 (9 .5 ) 3 ( 7 .1 ) - - 2 (4 .8 )
6
*7
2 ( 4 .5 ) 4 (9 .1 ) 4 (9 .1 ) - 5 (11 .4 )
(
8 - - 1(16 .7 ) - 1 (1 6 .7 )
Tota l 17 18 15 6 14
With the e x c e p t io n  o f  cardiac p a r e s i s ,  where one p a t i e n t ,  who 
was g iven  serum on the f i r s t  day o f  h i s  i l l n e s s ,  developed  
t h i s  c o m p l ic a t io n ,  the inc idence  of  a l l  co m p l ic a t io n s  and the  
death r a te  in c r e a se d ,  as the time before  serum was g i v e n ,  
was in c r e a s e d .
(d) Death and Complication Rates c o r r e la t e d  w ith  the  
c l i n i c a l  v a r i e t i e s  o f  d ip hth er ia  (expressed  as a percentage  
o f  the c l i n i c a l  types)  .
C J in ic a l  Albuminuria P a l a t a l  Cardiac Ocular Death
Type P a r e s i s  P a r e s i s  P a r e s i s  R a te .
F a u c ia l :
(a) Mild 1 (1 .1 )  1 (1 .1 )  -  -
(b) Moderate 1 (0 .4 )  2 (0 .8 )  - -
(e) Severe 2 (2 .4 )  4 (4 .8 )  -  6 (7 .2 )
(d) Haemorr- % „ .
h s g i e  6 (35 .3 )  4 (2 3 .5 )  3 (17 .7 )  -  7 (4 1 .2 )
K g e « l  1 " '  2 <1 0 ' 5)
P8UCN a s . i nd _V(5.1)  _ 8 ( 5 .8 )  _ 5 ( 3 .7 )
T ota l  17 18 15 6 14
With the e x c e p t io n  o f  the moderate o a s e s ,  the more severe
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the  c l i n i c a l  c a s e ,  the h igher  was the in c id en ce  of  
c o m p l ic a t io n s ,  F a u o is1 - n asa l  oases  occupied an in term ed ia te
p la c e  between severe  and haemorrhagic d ip hth er ia#  The 
c a rd ia c  p a r e s i s  in the la ry n g ea l  c a ses  was h igh ,  but t h i s  
was due to  ex tra  s t r a i n  on the heart  caused by the  
d i f f i c u l t y  in  r e s p i r a t i o n .
Dosage o f  Serum g i v e n # The maximum dose g iven was
2 56 .0 00  u n i t s ,  the minimum, 4 ,000 u n i t s  and the average
5 4 .0 0 0  u n i t s#  476 p a t i e n t s  had only one inj .eot ion  of  serum, 
105 had two, 19 had three  but none had a fourth  i n j e c t i o n .  
Rate o f  Disappearance of  Membrane/ or D isc h a r g e s /  or
C e rv ioa l  A d e n i t i s .
The maximum time was 108 hours .  The case  was a g i r l  
o f  2 y e a r s ,  w ith  membrane on both t o n s i l s ,  s o f t  and hard 
p a l a t e ,  and with  a b i l a t e r a l  c e r v i c a l  a d e n i t i s .  She was in  
her f i f t h  dsy o f  i l l n e s s  and was g iven 72 ,000 u n i t s  of  serum. 
The organism recovered was of the g r a v is  s t r a i n .  The 
minimum time was 16 hours,  and the average ,  44 hours#
Rate o f  Disappearance o f  Toxaemia.
On admission 30 p a t i e n t s  were comatose,  156 had severe  
toxaemia,  288 moderate, 108 mild and 18 showed no s ig n s  or 
symptoms o f  toxaemia.  The maximum time taken f o r  the  
toxaemia to  pass o f f  was 120 hours .  This was in  the case  
mentioned above. The minimum time was 12 hours ,  the  
a verage ,  39 hours#
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Comparing the  r e s u l t s  o f  treatment by the th ree  d i f f e r e n t  
methods of  adm in is ter in g  the serum.
R e s u l t s  o f  treatment are b e s t  judged by the  
c o m p l ic a t io n s  and death r a te s  in each method, a f t e r  tak ing  
account  o f  the var iou s  f a c t o r s  which might in f lu e n c e  th ese  
r e s u l t s *
(a) Age (Percentages)  •
Age Groups* 6-10 11-20 21-30 31-40 41-50 51-60
In travenou s 19 .3 45 .3 21 .3 8 .7 2 . 7 i
r-.03
Intramuscular)  
and ) 1 8 .8 5 1 .2 19 .6 5 .2 2 .4 2 .8
In travenou s  ) 
Intramuscular) 19 .2 41 .3 26 .3 7 .5 2 .8 2 . 0  0 .9
The percentage  o f  ch i ld re n  in the 0 -5  age groups approximated in  
a l l  three  methods. Of the 6-10 group the intramuscular  
s e r i e s  had the low est  percentage of t h i s  age group, and the  
in tram uscu lar - in travenou s  s e r i e s  had the h ig h es t*  In the  
11-20  age group the intramuscular s e r i e s  had the h ig h e s t  
percentage  of  these*  The ages mentioned (0-20) are the 
ages  in  which com p l ica t ion s  and the death rate  are h i g h e s t .  
(Forbes 1932)* Thus a l l  three have approximately  the same 
percentage  of  c a s e s  in  t h i s  group*
(b) Percentage o f  Types of  C. Diphtheriae found in the 
v a r io u s  groups.
Gravis Intermedius M it i s Aberrant N e g a t iv e •
30 .0 25 .33 41 .33 - 3 .33
2 8 .0 25 .2 41 .2 - 5 .6
30 .0 27 .0 3 4 .8 2 .8 5 .4
Intravenous  
Intramuscular)
Intravenous )
Intramuscular
In a l l  three  s e r i e s  the percentage  o f  the v ar io u s  types  was
.1 7 4 .
f a i r l y  e v e n ly  d i s t r i b u t e d .  The intramusoular  s e r i e s  
had a low in c id en ce  of m i t i s  s t r a i n s .
(o) S e v e r i t y  o f  Cases judged by amount of  serum g iv en  
( e x p r e s s e d  a s  percentages  of number in each group) •
Dose o f  Serum.
In travenou s  
Intram uscular  &) 
In travenou s  ) 
Intram uscular
Under 8,000  
U n i t s ♦
23 .3
1 6 .8
5 .7
8 ,0 0 0 -4 0 ,0 0 0  4 0 ,000  U nits
U n i t s .  and Over.
42 .0
47.2
63.3
3 4 .7
3 6 .0
3 1 .0
Judged by dosage of serum g iv e n ,  the intramuscular  -  
in traven ous  c a se s  were most se v er e ,  as they had the h i g h e s t  
p ercentage  o f  c a s e s  who were given over 40 ,000  u n i t s  of  
serum. Next came the in traven ous ,  and l a s t l y  the  
Intramuscular  c a s e s .  However, the intramuscular  had the  
h i g h e s t  percentage of  c a se s  in the 8 ,000 -  40 ,000  u n i t s  group.  
I f  we c o n s id er  the s e v e r i t y  of  the c a ses  by the average dose 
g i v e n ,  the order of  decreas ing  s e v e r i t y  i s  -  
in tram uscu lar - in travenou s  (62 ,000  un i ts )  , intramusoular  
(5 4 ,0 0 0  un its )  and intravenous (42,500 un its)  .
(d) Day of D isease  - (expressed  as a percentage o f  c a se s
in  each s e r i e s )  •
Day of  
D isease
1
2
3
4
5
6
7
8
In tra v e n o u s .
9 ( 6 . 0) 
49(32 .7 )  
53(35 .3)  
18(12.0)
8( 5 .3)
7( 4 .7)
3 ( 2 . 0)
3 ( 2 . 0)
Intravenous and 
Intramusoular
12( 4 .8)  
79(31 .6)  
72(28 .8 )  
46(18 .4)
18( 7.6)
18( 7 .2)
1( 0 .4 )
3(  1.2)
Intram usoular .
13( 2 .2 )  
148(24 .7)  
232(38 .7 )  
116(19.2)
42( 7.0)
44( 7 .2)
6 ( 1. 0)
Ths th ir d  day was the day on which the h ig h e s t  percentage o f  
c a s e s  r eo e iv e d  serum in the intravenous and in the
Intramusoular s e r i e s *  In the in tra v en o u s- in tra m u scu la r  
s e r i e s  the  h ig h e s t  percentage occurred on the second day*
In the  three  s e r i e s  14*0$ of the in trav en o us ,  16*4$ o f  
the in traven ous- in tram uscu lar  and 1 5 . 2% of  the Intramusoular  
c a s e s  r e c e i v e d  serum a f t e r  the fourth  day of  i l l n e s s *  The 
in tram uscular  s e r i e s  in the th ird  and four th  days had the 
h i g h e s t  percentage o f  c a se s  r e c e iv in g  treatment on th e se  
days* The other  two had almost the same percentage*
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In the three s e r i e s  there was l i t t l e  d i f f e r e n c e  in  
the  percentage  of  p a t i e n t s  per age group and o f  types  o f
o • d iphtheriae  found* Judged by the amount o f  serum
g i v e n ,  the in travenous- in tram uscu lar  s e r i e s  was c l i n i c a l l y  
the most s e v e r e ,  the intramuscular being n e x t ,  and the  
in tra v en o u s  c a s e s  the mildest*  The intravenous-  
in tram uscu lar  s e r i e s  had the h ig h e s t  percentage of  c a s e s  
r e c e i v i n g  treatment a f t e r  the fourth  day, the Intramuscular  
s e r i e s  being second and the intravenous l a s t *
Thus the order of  c l i n i c a l  s e v e r i t y  i s : -
(1) in travenous- in tram uscu lar  c a s e s ,  (2) intramusoular  
c a s e s ,  and (3) Intravenous.
Comparison of  Complication Rates in  the three  s e r i e s
( e x p r e s s e d  as  a peroentsge of  oases  in each s e r i e s ) *
Route of  Albuminuria P a la t a l  Cardiac Ocular Death
TMaAfinn P a r e s i s  P a r e s i s  P a r e s i s  Rate*
Intravenous 10.0 12.7 11.3 e 8 .0
In travenous  & 
Intramuscular 1 .8 2 .0 1 .8 1 .2
Intramuscular 2 .7 3 .0 2 .5 1 .0  2 .3
The intravenous- in tram uscu lar  s e r i e s  o f  c a s e s  had the lowest  
percentage  o f  co m p l ic a t io n s .  Next in order came the oases  
t r e a t e d  by intramusoular i n j e c t i o n  and l a s t l y  those  whioh 
had r e c e iv e d  the serum by intravenous i n j e o t i o n .
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C o n c lu s io n s .
A combined intravenous and intramuscular  therapy  
i s  the  b e s t  treatment for  d ip h th e r ia .  Where t h i s  cannot  
be used,  the serum should be given by intramuscular  i n j e c t i o n .  
In travenou s  therapy alone i s  not to be recommended.
Comparison of  Complications and death r a t e s ,  c o r r e la t e d  with  
type o f  C • Diphtheriae , when concentrated and r e f in e d  sera  
were used .
Author. Complication Gravis Intermedius M it i s Aberrant N e g a t iv e .
x  Anderson Albuminuria 44.4% 6 6.66# 17.1%
e t  a l P a r a ly s i s 22.2% 50.0% 0
1931. Death Rate 17.6% 0 0 - -
x  J .F .  Murray
1935 . Albuminuria 0 7 .8 # 3.4%
P a r a l y s i s 0 10 .0# 6.8%
Death Rate 0 1 1 .1# 3.4%
x T a n n a h i l l Albuminuria 38.4% 40.4# 18.1%
1936. P a r a l y s i s 20.8% 21 .4 # 11.3%
Death Rate 9.5% 13.8# 4.8%
# P re se n t Albuminuria 5.4% 3 .4 # 2.1% 5.9% 3.9%
s e r i e s . P a r a ly s i s 13.5% 12 .9# 2.0% 5.9% 2.0%
Death Rate 5.4% 3 .0 # 0.8% 5.9% 2.0%
x Cone entrated Serum.
Refined Serum •
McLeod, Murray and Tannahil l  a l l  found the inc idence  of
/
a lbuminuria and p a r a ly s i s  to be the h ig h e s t  in  intermedius  
c a s e s .  In the cases  t r e a ted  in Be lv idere  H o s p i t a l ,  
albuminuria had i t s  h igh es t  incidence  in aberrant c a se s  and 
p a r a l y s i s  i t s  h ig h es t  incidence in  g r a v is  o a s e s .  The death  
r a te  in  McLeod*s s e r i e s  was h igh es t  in g r a v is  s t r a i n s .  In
• i w .
Murray and T a n n a h i l l ! s s e r i e s  i t  was w ith  the interm edius  
s t r a i n s  and in  the B e lv idere  oases  i t  was with the  
aberrant  s t r a i n s .
Comparison o f  R esu l t s  o f  Treatment.
Albuminuria P a r a l y s i s  Death R a te .
R o l l e s t o n ,1 9 2 5  (1) 
G o o d a l l ,  1928 (1) 
Anderson e t  a l
1931 (2) 
Murray, 1935 (2) 
P r e s e n t  S e r ie s  (3)
(1) Whole Serum.
53 .3#
36.5#
5 .4#
3 .6 #
20 .7#
1 5 .0 #
1 0 .1#
1 3 .0 #
16 • j/o
7 .8 #
7 .8 #
1 0 .6#
7 . 2 #
2 . 9 #
(2) Concentrated Serum. (3) Refined
Serum*
C l a s s i f i e d  in  order of  e f f i c a c y  from the above t a b l e ,  
r e f i n e d  serum Is  the b e s t ,  concentrated serum comes n e x t ,  
and whole serum gave the poorest  r e s u l t s .
v -s r m  t  % to  xiB :• -o ■> 1 ^ ' ■ &&*’m ':v y ':'' 1 7
; o f serum reaat* t m * - * '  ' - '•- - .o-o. . . . . . .
" i;o n z f A a u t  m l m  t o  visa
bf:  a n t i  t o  *
CONCLUSIONS.
The death  rate  was h ig h es t  In the 0 -5  age group.
The s e v e r e s t  c l i n i c a l  oases  were a s s o c i a t e d  with the  
g r a v i s  s t r a i n .
The c a s e s  where a g ra v is  s t r a in  was i s o l a t e d  had the  
h i g h e s t  percentage of c o m p l ic a t io n s .  As the number of  
Type jLv s t r a i n s  recovered was very sm all ,  there  I s  
I n s u f f i c i e n t  data fo r  a reasonable  comparison t o  be made.
As the duration of the p a t i e n t* s  i l l n e s s  inoreased before  
serum was g iv e n ,  so a l s o  did the percentage of  
c o m p l ic a t io n s .
Haemorrhagio diphtheria  was the most severe type of  
d i p h t h e r i a •
No hard and f a s t  ru le  can be l a i d  down on dosage o f  serum 
to  be g iv e n .  Each case should be reviewed s e p a r a t e ly .
I t  i s  b e t t e r  to  g ive  excess  serum than too l i t t l e .  Serum 
should continue to  be given so long as the membrane i s  
spread ing .  Combined intramuscular and intravenous
therapy should be employed.
R ef in ed  diphtheria  a n t i to x in  can be g iven in tr a v en o u s ly  
w ith  l i t t l e  f e a r  of  serum r e a c t io n .  Given in tram uscu lar ly  
I t  oausas s l i g h t  discomfort to  the p a t i e n t  owing to  the  
la r g e  number o f  u n i ts  o f  a n t i t o x i n  per c . o .
The in c id en ce  o f  serum r e a c t i o n s  has been reduced* 
The in c id en ce  o f  o . d iphtherias g r a v i s  i s  on the  
upgrade in  the Glasgow a r e a .
a s i .
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